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■*The  research  provides  confirmation  that  Evoked  Potentials  contain 
information  about  the  semantic  meaning  of  word  stimuli  used  to  obtain 
them  and  that  combinations  of  Evoked  Potential  components  can  identify 
the  unknown  semantic  charadter,  of  stimuli.  Previous  results  involving 
the  use  of  relatively  ■**^re'*^^mantlc  stimuli  have  been  successfully 
extended  to  words  which  are  semantically  more  ^omplex."^  ' 

The  detection  of  numerical  information  by  means  of  Evoked 
Potentials  was  explored,  and  tentatively  confirmed,  by  analyzing  the 
responses  to  visual  number  symbols  and  a tthlnk^  cue  (*).  For  both 
semantic  and  numerical  meanings,  the  discriminant  functions  developed 
for  a group  of  subjects  worked  equally  well  for  each  individual. 

An  Evoked  Potential  component  with  a post-stimulus  peak  about 
250  msec,  was  found  to  be  related  to  storage  of  information  in 
short-term  memory.  In  a behavioral  experiment  which  probed  short-term 
memory,  recall  was  predicted  by  the  magnitude  of  the  Storage  Component. 
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Multivariate  Analysis  of  Evoked  Potentials 
and  Semantic  Meaning 

ABSTRACT 

(I)  The  Representation  of  Combinations  of  Connotative 
Meaning  in  Brain  Potentials 

The  effects  of  two  kinds  of  experimental  manipulation  of 
semantic  meaning  were  studied  in  Evoked  Potentials  (EPs) , train 
responses  recorded  from  scalp  monitors.  Both  kinds  of  semantic 
manipulation  were  based  on  Osgood's  analyses  which  found  three 
primary  dimensions  of  connotative  neaning:  Evaluation,  Potency, 
and  Activity  (E,  P,  and  A).  One  kind  of  experimental  variable  was 
the  semantic  class  of  the  stimulus  word:  High  {E* , P+ , A+) , Neutral 
(FO,PC,AC),  Low  (E-,P-,A-).  The  other  kind  of  experimental 
variable  was  the  semantic  dimension  of  the  semantic  scale  (L,  P,  A) 
which  the  subdoct  used  to  make  semantic  judgments  about  the 
stimulus  words.  These  variables  were  experimentally  combined  so 
that  for  each  trial  the  subject  was  using  a designated  semantic 
scale  to  judge  a specified  stimulus  word  while  brain  activity  was 
recorded.  Using  multivariate  procedures,  both  stimulus  word  class 
and  scale  dimension  effects  on  the  EPs,  as  well  as  their 
interaction,  were  analyzed. 

Using  EP  measures,  the  3 word  classes  used  in  this  experiment 
were  about  as  discr iminable  (paiiwise)  as  the  6 word  classes  lying 
in  other  regions  of  semantic  space  which  were  previously  reported. 
Thus,  the  generality  of  discriminating  connotative  meaning  with  EP 
measures  has  been  confirmed  with  additional  words  belonging  to 
different  regions  of  Osgood's  semantic  space. 

Common  sets  of  classification  functions  were  successful  for 
the  group  of  13  individuals.  This  finding  further  supnorts  the 
similarity  of  the  EP  effects  in  different  individuals. 

Simultaneous  identification  of  word  class  and  scale  dimension 
was  achieved  at  better  than  chance  levels.  Analyses  indicated  that 
these  two  kinds  of  semantic  effects  in  EPs  did  not  strongly 
interact  and  were  largely  independent.  The  semantic  features  of 
both  words  and  tasks  appear  to  be  ascertainable  either 
simultaneously  or  separately  and  appear  to  be  relatively 
independently  represented  in  the  EP. 

Separate  analyses  identified  word  class  and  scale  dimension  at 
better  than  chance  levels.  The  same  classification  functions  were 
successfully  used  for  all  subjects. 

The  evidence  indicates  that  two  kinds  of  semantic  information 
are  available  in  EPs:  (1)  orocessiag  or  the  semantic  meaninj  in 
words,  regardless  of  tht  semantic  expectancies  of  the  subject,  and 
(2)  semantic  expectancies  or  judgment  dimor.sions  of  the  subject. 
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reqacdless  of  the  semantic  content  of  the  words.  The  first  kind  of 
seaantic  infornation  is  more  strongly  represented  in  EPs  than  the 
second  kind. 

The  results  of  these  analyses  of  the  data  provide  additional 
confirmation  of  the  findings  of  previous  phases:  EPs  contain 
information  about  the  semantic  meaning  of  word  stimuli  used  to 
obtain  them  and  that  comninations  of  EP  components  show  promise  in 
identifying  the  unknown  semantic  character  of  stimuli  which  have 
evoked  particular  brain  responses.  Cur  previous  results  which 
involved  the  use  of  relatively  “pure"  semantic  stimuli  have  been 
successfully  extended  to  words  which  are  se-mantically  more 
"coiDlex.''  Instead  of  being  defined  in  terms  of  a single 
connotative  dimension,  the  meanings  represented  combinations  of  the 
Evaluative,  Potency,  and  kctivity  Dimensions.  Word  classes  which 
were  selected  to  be  positive,  negative,  or  neutral  on  ail  three 
dimensions  simultaneously  were  reliably  discriminated  by  EP 
analyses.  We  applied  to  the  present  data  the  results  from  earlier 
discriminant  analyses  which  considered  2P  lata  for  one  semantic 
dimension  (E,  ? or  A)  at  a time.  We  found  support  for  the 
possibility  of  using  equations  based  on  EP  measures  to  establish 
reference  coordinates  in  semantic  space.  These  might  be  used  to 
identify  the  semantic  composition  of  more  complex  word  stimuli. 

(II)  Representation  of  Numerical  Weaning  in  Brain  Potentials 

The  detection  of  numerical  information  by  means  of  Evoked 
Potentials  was  explored  by  analyzing  the  rssponses  to  visual  number 
symbols  and  a think  cue  (=).  For  both  kinds  of  data  the  ten  number 
classes  (0-9)  were  discriminated  at  significantly  better  than 
chance  levels  by  Discriminant  Analyses  using  EP  component  scores  as 
input  variables.  For  both  kinds  of  data,  the  discriminant 
functions  developed  for  a group  of  sub-jects  worked  equally  well  for 
each  individual. 


(Ill)  Storage  in  Short-Term  Memory  and  Brain  Fesponses 

An  Evoked  Potential  component  with  a post-stimulus  peak  about 
250  msec,  was  found  to  be  related  to  storage  of  information  in 
shor^"  term  memory.  This  Storage  Component  was  found  in  an 
expei-iment  investigating  brain  potentials  in  relation  to  an 
information  processing  task.  In  replications  of  this  experiment  at 
three  different  light  intensity  levels  spaced  1.0  log  unit  apart, 
essentially  the  same  component  waveform  and  pattern  of  component 
scores  were  found.  The  memory  storage  interpretation  was  confirmed 
in  a behavioral  exneriment  which  probed  short-tern  memory.  Recall 
was  oredictod  bv  the  magnitude  of  the  Storage  Component. 
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Multivariate  Analysis  of  Fvoked  Potentials 
and  Semantic  Meaning 


The  research  is  discussed  below  in  the  following  parts: 

(I)  The  Be  presentation  of  Combinations  of  Connotative 
Meaning  in  Brain  Potentials 

(A)  Sinultaneous  Identification  of  Word  Class  and 

Scale  Dimension 

(B)  Separate  Identification  of  Word  Classes  and 

Scale  Dimensions 

(C)  Reference  Coordinates  in  Semantic  Space 

Based  on  EP  Analyses 

(II)  Representation  of  Numerical  Meaning  in  Brain  Potentials 

(III)  Storage  in  Short-Term  Memory  and  Brain  Responses 


(I)  The  Representation  of  Combinations  of  Connotative 
Meaning  in  Brain  Potentials 


Our  previously  reported  research  indicated  that  EPs  contain 
information  about  verbal,  semantic  meaning  not  dependent  upon  the 
particular  word  stimuli.  Comb ina tiors  of  components  of  these  EPs 
were  powerful  detectors  of  semantic  differences.  Such  combinations 
also  showed  much  promise  in  identifying  the  unknown  semantic 
circumstances  under  which  an  EP  occurred.  This  research  has 
supported  the  feasibility  of  the  general  ob-iective  of  inferring 
semantic  meaning  from  analyses  of  brain  waves.  In  the  first  phase 
internal  seaaritic  meaning  was  manipulated  by  carefully  selecting 
stimulus  words.  In  addition  to  internalized  representations  of 
semantic  meaning  elicited  by  stimulus  words,  another  aspect  of 
internalized  representation  may  relate  to  an  individual's  semantic 
expectancies.  When  the  same  word  is  presented  on  different 
occasions,  a subject  may  be  seeking  different  kinds  of  semantic 
information.  That  is,  a subject  may  have  various  kinds  of  semantic 
axpectancies  and,  tharefore,  the  semantic  information  in  the  words 
may  be  processed  along  various  semantic  dimensions.  For  example, 
an  individual  might  be  primarily  concerned  with  potency 
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In  contrast  to  the  wor!t  of  earlier  pha 
use  of  relatively  "pure"  semantic  stimuli, 
this  phase  were  semant  icallv  "complex."  Ins 
terms  of  a single  connotative  dimension,  th 
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The  words  were  selected  to  be  highly  positi 
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Thus,  basically  a 3 X 3 factorial  design  was  used:  three 
semantic  categories  of  words  (representing  high,  neutral  or  low 
connotative  values  on  all  3 dimensions)  combined  with  3 kinds  of 
semantic  differential  tasks  (prc-lisposing  the  subgect  for  semantic 
processing  along  the  E,  P,  or  A dimension).  This  permitted 
assessing  the  effect  of  the  semantic  meaning  evoked  by  the  words, 
the  effect  of  the  semantic  set  (context,  expectancy)  induced  by  the 
semantic  differential  task,  and  their  interaction. 

Synopsis  of  Procedure. 

During  each  experimental  run,  112  words  were  flashed  in  random 
order  while  the  subject's  EE3  was  recorded.  For  each  run,  there 
were  SO,  50,  and  12  words  representing  the  High,  Neutral  and  Low 
classes  of  semantic  meaning  lying  along  a diagonal  of  the  Csgood 
dimensions:  Evaluation,  Potency,  and  Activity.  The  subject  was 

assigned  a particular  semantic  scale  for  use  during  the  run  in 
judging  each  word  as  it  was  presented.  The  EEGs  for  the  stimulus 
words  representing  each  semantic  class  wera  averaged  for  the  run  to 
obtain  the  evoked  potentials  (EPs)  used  in  subsequent  analyses.  A 
total  of  30  such  runs  were  required  to  complete  the  collection  of 
90  such  averaged  EPs  tor  each  individual  across  all  experimental 
conditions: 
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Loadings  of  Semantic 

Differential  Scales 

on 

Evaluation  • (E) , Potency 

(P) , and 

Activity 

(A)  * 

SCALE 

B 

P 

A 

E Dominantly 

B1 

nice -awful 

.96 

-.02 

-.09 

B2 

sweet-sour 

.94 

.02 

-.04 

E3 

good -bad 

.93 

.03 

-.05 

B4 

hea venly-unhea venly  .93 

. 00 

-.21 

E5 

mild- harsh 

.92 

-.  20 

-.06 

P Dominantly 

PI 

big-little 

-.05 

.81 

-.24 

P2 

po we rf  ul-powerless 

.16 

.75 

.18 

P3 

deep-shallow 

-.11 

.69 

-.32 

P4 

strong -weak 

.04 

.68 

.13 

P5 

long-short 

.02 

.64 

-.23 

A Dominantly 

A1 

fast-slow 

-.14 

.22 

.64 

A2 

young -old 

.39 

-.42 

.56 

A3 

noisy-quiet 

-.39 

.25 

.56 

A4 

alive-dead 

.52 

. 13 

.55 

AS 

known-unknown 

.16 

. .10 

.48 

* Aaerican  Enqlish  semantic  differential  loadings  reported  in  Osgood, 
196<l.  Loadings  shown  are  for  the  first  listed  adjective  of  each  pair. 
"Good",  "Powerful",  and  "Past"  are  represented  by  the  positive 
poles  of  B,  P,  and  A. 
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Details  of  Procedure 

The  research  steos  are  sumaarized  in  the  Flow  Chart  of 
Exoerimcat  (Table  II)  , 

Words  with  quantified  seniantic  values  on  E,  P,  and  A 
dimensions  were  selected  from  the  available  E,  P,  and  A glossaries 
(Osqood,  personal  communication;  Heise,  197  1).  We  selected  words 
which  are  semanticailv  complex  in  the  sense  that  they  score  high, 
neutral,  or  low  on  all  three  Osqood  dimensions.  Thus,  three 
semantic  meaning  classes  were  used;  High  (E+,P+,A+),  Neutral 
(EO,PC,AC),  and  Low  (E-,P-,A-).  The  words  were  given  in  different 
random  orders  from  run  to  run,  so  that  the  subjects  could  not 
anticipate  either  a semantic  class  or  a particular  word  during  the 
experimental  runs. 

Five  scales  that  are  heavily  loaded  on  each  of  Osgood's  three 
semantic  dimensions  (Evaluation,  Potency,  and  Activity)  were 
selected  (Osqood,  1964).  Each  of  these  15  semantic  scales  (Table 
I)  was  used  witn  each  stimulus  word.  This  required  15  runs  with 
Replicate  1 and  15  runs  with  Replicate  2,  malcinq  a total  of  30  runs 
for  each  subject.  The  scales  were  given  in  different  random  orders 
for  each  subject. 

Before  each  run  the  subject  was  given  the  assigned  semantic 
scale,  e.  g.  "nice-awful,"  which  he  was  to  use  on  all  112  words  in 
that  run.  The  subject  was  asked  to  rate  each  stimulus  word  on  the 
designated  semantic  scale  using  values  from  <-3  to  -3.  The 
instructions  to  the  subject  when  the  scale  was  "nice-awful"  were; 
"If  the  meaning  of  t.ie  word  to  you  is  more  nice  than  awful,  then 
give  a rating,  with  a 1,  2,  or  3 to  express  various  degrees  of 
niceness.  On  the  other  hand,  if  the  meaning  of  the  word  to  you  is 
more  awful  than  nice,  give  a - rating  using  1,  2,  or  3 to  indicate 
the  degree  of  awfuiness.  If  the  word  is  perfectly  neutral  on  that 
scale,  give  a "zero."  If  you  felt  that  the  word  was  very  clcselv 
associated  with  one  end  of  the  scale,  you  mignt  say  "+3"  or  "-3." 

If  you  felt  that  the  word  was  moderately  associated  witn  one  or  the 
other  end  of  the  scale,  say  "♦•2"  or  "-2."  If  the  word  seemed  onlv 
slightly  related  to  one  side  as  opposed  to  the  other,  you  might  sav 
"♦1"  or  "-1."  If  you  considered  the  scale  completely  irrelevant, 
or  both  sides  equally  associated,  you  should  say  "C."  Jlake  each 
item  a separate  and  independent  judgment."  For  each  scale, 
regardless  of  whether  it  was  "r.ice-awful,  " " big- lit t le,  " 
"fast-slow,"  or  some  other  scale,  numerical  values  from  *3  to  -3 
were  used.  After  each  word  was  flashed  the  subject  gave  his 
semantic  differential  rating  verbally. 

We  have  developed  a com pu ter- genera tei  display  system  so  that 
selected  words  can  be  individually  presented  to  a subject  as  a 
briefly  flashed  stimulus  on  a CRT.  The  subject  sat  in  a dark, 
sound-damped  chamoer.  The  average  word  subtended  a visual  angle  of 
1.5  degrees  with  a duration  of  17  msec.  Each  letter  was  formed  by 
lighting  appropriate  positions  in  a 5 bv  7 matrix.  A fixation 
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TABL£  II 

PLOW  CHART  OP  EXPERIflEHT 


LISTS  OP  WORDS  SELECTED 
FOB  3 SBHAHTIC  CLASSES: 
HIGHfREOTR  AL,LOW 
ON  ALL  3 OSGOOD 
DIMENSIONS  (E,P,A,) 


5 SEMANTIC  DIFFERENTIAL 
SCALES  SELECTED  FOR  EACH  OF 
3 DIMENSIONS:  B,  P,  A 
BASED  ON  OSGOOD* S ANALYSES 


WORDS  FLASHED  ON  CRT 
EEG  RECORDED 

SOBJBCT  GIVES  SEMANTIC  DIFFERENTIAL 


EVOKED  POTENTIALS  COLLECTED 
FOR  BACH  SEMANTIC  WORD  CLASS 
WITH  EACH  SEMANTIC  SCALE 


EPS  STANDARDIZED  WITHIN  EACH  OF  13  SUBJECTS 
(MEANS  = 0;  S.D.s  * 1) 


VARIMAXED  PRINCIPAL  COMPONENTS  ANALYSIS 
ON  EPS  OF  102  TIME  POINTS, 
COMPONENT  SCORES  COMPOTED  FOR  EACH  EP, 


DISCRIMINANT  ANALYSES  USING 
COMPONENT  SCOPES  TO  CLASSIFY 
EPS  INTO; 


SB  HANTIC 
WORD 

CLASSES  (3) 


SEMANTIC  WORD  CLASSES  SEMANTIC 

AND  SCALE  DIMENSIONS  SCALE 

(3  X 3 > 9)  DIMENSIONS  (3) 
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tarqet  was  presented  (0.5  sec.  duration)  one  second  before  each 
word.  After  each  word  was  flashed  the  subject  gave  his  seoantic 
differential  ratinq  ( + 3 to  -3)  toward  the  ena  of  the  2.5  sec. 
interval  between  each  word  and  the  fixation  stimulus  tor  the  next 
trial.  This  task  assured  that  each  stimulus  word  was  perceived  and 
provided  access  to  an  important  variable.  The  brain  activity 
followinq  these  word  stimuli  was  averaged  separately  for  each  of 
the  semantic  meaninq  classes  in  conjunction  with  each  semantic 
scale.  A computer  program  controlled  the  timing  and  delivered  the 
stimuli  and  control  pulses.  The  sequence  for  each  word 
oresentation  (a  trial)  within  each  run  was  as  follows: 

(1)  Fixation  target  on  for  C.5  sec. 

(2)  Blackout  for  0.5  sec. 

(3)  Stimulus  word  flashed  (approximately  17  msec.) 

(4)  Blackout  for  2.5  sec.,  during  which  time  the 

subject  gave  a number  representing  his  semantic 
judgment  of  the  word  on  a designated  scale. 

A number  of  words  (112)  were  presented  in  this  fashion  to 
constitute  an  experimentii  run.  Ourinq  experimental  runs,  the 
subject's  EEG  was  being  picked  up  from  EES  electrodes,  ana  recorded 
along  with  coded  synchronization  pulses  associated  with  the  various 
semantic  word  classes  used. 

Standard  Grass  electrodes  (silver  cup  shape)  were  attached  by 
bentonite  CaCl  paste.  The  analyses  focusei  on  a scalp  location 
one-third  of  the  distance  from  CZ  to  P2  (CFZ  recorded  monopolar  to 
linked  earlobes).  The  frequency  bandpass  of  the  recording  system 
(Grass  polygraph,  F-l  tape  recorder,  operational  amplifiers)  was  C.  1 
to  70  Hz.  Beginning  with  the  word  stimulus  and  lasting  510  msec., 
EPs  were  averaged  by  a program  using  102  time  points  (5  msec, 
interval).  Each  EP  was  based  on  50  or  12  different  words  of  the 
same  semantic  class  (50  for  High  and  Neutral,  12  for  Low).  Eve 
movements  were  monitored  with  ECG  (e lect  roocu  iogram)  . 

Data  from  13  subiects  are  presented  he-re.  Each  subject  was 
given  30  runs  of  112  words  spread  over  a number  of  sessions. 

The  EP  data  from  the  various  runs  were  collated  in  a manner 
and  form  suitable  for  multivariate  statistical  analyses.  This 
involved  disentangling  the  EP  data  from  the  random  sequences, 
arranging  them  in  a systematic  order,  and  formatting  them  for  paper 
tape  and  digital  raag  tape. 

The  data  were  standardized  separately  for  each  of  the 
subjects.  Using  the  3MDP1S  Multipass  Transqe ne ra ti on  Program 
(Dixon,  1975),  each  subject's  data  at  each  time  point  were 
transformed  to  z scores  with  means  eaual  to  0 and  standard 
deviations  equal  to  1.  General  advantages  of  preparing  Ja'-a  for 
analysis  in  this  wav  have  been  described  bv  Rummei  (1970,  pp. 
246-247).  The  specific  reason  for  standardizing  the  aata  within 
subjects  was  to  avoid  swamping  the  semantic  effects  bv  individual 
differences  in  the  subsequent  anaivses. 
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The  Driucipai  coapor.ents  analysis  closely  follo;<td  the 
procelures  which  have  worked  well  with  our  previous  rnt oraa t ion 
processinq  data  (Chapsan,  McCrary,  Sraqdon,  and  Chapnan,  in  press), 
with  those  data  the  principal  components  analysis  achieved  a 
parsimonious  representation  of  the  data  and  the  components  were 
functionally  meaningful.  Two  general  steps  are  involved:  (1) 

deterainq  the  T?  components,  and  (2)  mcasurinj  how  much  of  each 
component  is  in  each  EP. 

These  stems  were  done  by  a varimaxed  principal  components 
analysis  computed  by  DMDPhd  Factor  Analysis  Program  (Dixon,  1975). 
The  EP  data  entered  into  the  analysis  were  the 

intrasubject-standardized  E?  amplitude  measurements  obtained  at  the 
102  successive  time  points  for  each  of  the  EPs.  The  EMJPaM  Program 
transformed  the  data  matrix  to  a correlation  matrix.  The 
product-moment  correlation  coefficients  comouted  for  eai,l.  ['air  of 
time  periods  comprised  tne  102  x 102  matrix  to  which  principal 
component  analysis  was  applied.  Unities  ware  retained  in  the 
diagonal.  The  number  of  components  to  be  retainea  was  set  at  the 
number  of  eigenvalues  equal  to  or  greater  than  unity.  The  retained 
components  were  rotated  using  the  normalized  varimax  criterion 
(Kaiser,  195fl) . The  analytic  rotation  preserves  the  orthogonality 
among  the  components  while  providing  more  distinct  patterns, 
improving  their  clarity  and  definition.  The  varimaxed  principal 
components  method  has  performed  well  in  achieving  maximally 
parsimonious  descriptions  of  a wide  variety  or  data  from  differing 
scientific  areas  (Thorndilce  and  Weiss,  1970)  where  other  methods 
sometimes  fail.  Scores  were  computed  for  each  of  the  original  EPs 
on  each  of  the  varimaxed  principal  components.  These  component 
scores  (factor  scores,  gain  factors)  measure  the  contributions  of 
the  components  to  the  individual  EPs.  These  component  scores  were 
compared  for  the  various  semantic  classes  of  words. 

Having  reduced  the  dimensionality  of  the  EP  from  102  measures 
to  a much  smaller  number  of  principal  components,  the  next  step  was 
evaluating  the  extent  to  which  these  components  contained  semantic 
information  and,  more  specifically,  the  utility  of  that  information 
in  discriminating  and  predicting  semantic  class  of  FPs.  This 
evaluation  was  accomplished  by  multiple  discriminant  analyses.  Th( 
aim  of  the  discriminant  analyses  was  to  predict  the  semantic  class 
membership  of  the  EPs  on  the  basis  of  the  EP  measures  (component 
scores).  The  resulting  discriminant  functions  are  those  which 
maximally  separate  the  semantic  classes.  The  discriminant  analyses 
were  done  by  the  DMDPTm  Stepwise  Discriminant  Analysis  Program 
(Dixon,  1975).  This  program  was  applied  to  the  component  scores 
derived  from  the  principal  components  analyses.  A set  of  linear 
classification  functions  was  compu’-ed  bv  ohoosiug  the  independent 
variables  in  a stcowise  manner.  Using  these  functions,  the 
probabilities  of  each  S?  belonging  to  each  semantic  class  was 
computed . 
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(A)  SIMULTANEOUS  IDENTIFICATION  C?  WORD  CLASS  AND 
SCALE  DIMENSION 

The  basic  experimental  design  employed  makes  it  possible  to 
examine  two  key  questions  involving  semantically  complex  stimuli; 
(1)  Can  EP  measures  be  used  to  determine  simultaneously  both  the 
semantic  class  of  words  and  the  semantic  dimension  along  which  they 
were  being  gudged  bv  the  subject?  (2)  Do  the  semantic  meaning  of 
the  words  and  the  semantic  set  induced  by  the  task  interact  (do  EP 
measures  reflect  different  neural  events  for  the  stimulus  word 
classes  and  the  task  scale  dimensions)? 

For  the  specific  purpose  of  answering  these  questions,  the  EP 
data  of  each  of  the  subjects  were  averaged  to  represent  each  of  the 
18  experimental  combinations  of  3 semantic  classes  of  words  X 3 
scale  dimensions  X 2 replicates.  These  EPs  were  standardized  at 
each  time  point  (Mean  = 0,  S.D.  = 1)  separately  for  each  subject, 
Varimaxed  principal  components  analysis  of  the  combined  data  of  all 
13  subjects  (234  EPs  X 102  time  points)  resulted  in  retaining  10 
components  accounting  for  94.3“  of  the  total  variance.  The  scores 
for  these  components  were  used  as  the  EP  measures  entered  into 
discriminant  analyses.  In  each  analysis,  discriminant  functions 
were  computed  to  distinguish  among  all  9 semantic  conditions 
defined  by  the  3 semantic  classes  of  words  in  combination  with  the 
3 scale  dimensions.  The  analyses  were  ootformed  separately  for  the 
two  different  replicates  in  order  to  provide  for  cross-validations. 
Discriminant  functions  were  obtained  which  detected  statistically 
significant  differences  among  the  groups;  the  probabilities  of  the 
value  of  the  F approximation  to  Wilk's  lambda  were  less  than  .001 
in  each  analysis.  The  usefulness  of  these  functions  was  evaluated 
on  the  basis  of  the  accuracy  with  which  EPs  could  be  assigned  to 
the  proper  combinations  of  both  word  class  and  semantic  scale.  The 
results,  combined  for  both  of  the  word  lists,  are  shown  in  Table 
I II . 


Since  there  are  9 groups  to  which  an  E?  could  be  assigned,  one 
out  of  9 or  11.1®  of  the  EPs  would  be  expected  to  be  correctly 
assigned  by  chance.  The  average  apparent  classification  success 
rate  obtained  when  ciasifying  tne  EPs  used  to  develop  the  functions 
was  33%;  3 times  better  than  chance. 

The  jackknifed  cross-validation  success  rates  estimate  the 
outcomes  expected  if  the  classification  functions  were  used  to 
classify  new  EPs  collected  using  the  same  list  of  words.  while  the 
overall  average  success  rate  shrinks  to  22%,  it  remains  2 times 
better  than  chance. 

The  third  part  of  Table  III  oresents  the  results  obtained  when 
the  classification  functions  were  applied  to  data  net  used  in  their 
development  and  collected  in  the  other  replication.  As  might  be 
expected  the  overall  success  rate  is  lowered.  However,  tae  171. 
accuracy  is  higher  than  the  percentage  correct  expected  by  chance 
and  tne  overall  chi-square  test  supports  this  aifferenct  as 
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TABLE  III 

9 Classes  (3  Vocd  Classes  by  3 Scale  DinensioDS) 

Percentage  of  EPs  Correctly  Classified 

Word  Classes. 


Development 

Bigh  Neutral 

A>)  {E0,P0,A0)  (B 

Low 

Average 

Scale  Dimensions 
Evaluation  23.1 

30.8 

57.7 

37.2 

Potency 

34.7 

30.8 

50.0 

38.5 

Activity 

7.7 

65.4 

42.  3 

38.5 

Av  erage 

21.8 

42.3 

50.0 

38.1 

Jackknifed  Cross 

-Validation 

Scale  Dimensions 
Evaluation  7.7 

15.4 

50.0 

24.4 

Potency 

30.8 

7.7 

23.  1 

20.5 

Activity 

0.0 

46.2 

19.3 

21.8 

Average 

12.8 

23.  1 

30.  8 

22.2 

Other-Replicate 

Cross -Validation 

Scale  Dimensions 
Evaluation  19.3 

7.7 

15.4 

14.1 

Potency 

15.4 

19.3 

23.1 

19.3 

Ac  tivity 

7.7 

34.6 

11.6 

18.0 

Average 

14.  1 

20.5 

16.7 

17.1 

Results  coabined  for  2 Replicates;  13-subject  group. 
Each  individual  percentage  based  on  26  EPs. 
Percentage  correct  expected  by  chance:  11. IX. 
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statistically  reliaolc  (d  < .003). 

The  table  reveals  considerable  variabiii*y  in  accuracy  with 
which  the  9 combinations  are  identified.  Those  combinations  which 
involved  the  Hiqh  (St,pt,A>)  class  of  words  were  detected  less 
accurately  than  others,  especially  when  semantic  "judjaients  about 
the  words  involve  scales  represcntinq  the  Activity  Dimension. 

The  use  of  the  semantic  differential  tas)c  in  conjunction  with 
the  three  categories  of  words  would  be  expected  to  predispose  the 
sabjects  for  semantic  processinq  alonj  the  S,  P or  A dimension.  We 
souqht  to  assess  the  extent  to  which  this  would  result  in  an 
interaction  of  semantic  effects  which  would  he  represented  in  the 
EPS  and  influence  the  outcome  of  classifications.  The  9 qroup 
discriminant  analyses  and  classifications  of  the  EPs  (Table  III) 
enable  us  to  examine  this  question  of  the  interrelationship  of  word 
classes  and  scale  dimensions.  This  was  statistically  assessed  by 
cr oss-tabulatin>7  the  number  of  correct-  classifications  in  3 X 3 
continqencv  tables  according  to  the  semantic  classes  of  the  words 
and  the  semantic  dimensions  of  the  scales.  Chi-square  tests  of 
independence  give  a mixed  picture  concerning  independence  of  word 
class  and  subject-  tasl;  dimensions  in  determining  classification 
outcomes.  The  independence  liypothesis  was  rejected  for  the 
Development  data  (p  <.05)  and  the  Jacl^ltnifed  Cross-Vaiiaation  data 
(p  <.00  5)  , but  was  accepted  for  tae  Ct.her-Replicate 
Cross-Validation  data  (p  between  .10  and  .25).  It  appears  that 
there  is  a wealc  interaction  between  word  class  and  scale 
dimensions,  and  that  this  interaction  is  weak  enough  that  for  first 
order  approximation  it  is  practical  to  treat  their  effects 
separately.  We  expect  further  analysis  to  ciarifv  this  question. 

These  analyses  of  classification  data  indicate  tnat,  as 
represented  in  the  EP,  the  semantic  processing  of  word  stimuli  and 
the  sat  or  processing  imposed  by  a semantic  task  do  not  become 
greatly  entangled.  The/  do  not  interact  sufficiantlv  as  to  greatly 
influence  (enhance  or  supress)  the  detectib il it y of  one  another. 

(3)  SEPARATE  IDENTIFICATION  CF  WORD  CLASSFS  AND 
SCALE  DIMENSIONS 


Since  the  analyses  of  the  classifications  above  indicate  that 
the  effects  in  HPs  related  to  distinguishing  word  classes  are 
relativelv  indeoendent  jf  distinguishing  semantic  scale  dimensions, 
separate  classification  functions  were  d€veio'''ed  for  each  of  these 
two  kinds  of  semantic  variables.  The  strategy  was  to  compute 
discriminant  analyses  and  develop  classification  functions  for  word 
classes  and  scale  dimensions  separately  by  entering  the  same  data 
in  both  kinds  of  analyses  but  only  specifying  one  or  the  other  kind 
of  group  label  while  ignoring  the  other  group  label.  The  data 
entering  these  analyses  were  the  sime  principal  component  scores 
that  were  used  above  in  the  simultaneous  ide ntif icati on  of  word 
class  aal  scale  dimension  (Table  III).  For  the  present  purposes, 
however,  the  discriminant  analyses  were  allowed  to  focus  alone  on 
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ification  or  word  class  or  identification  of  scale 
To  the  extent  that  these  two  hinds  of  sa man  tic 
ve  independent  effects,  the  separately  derived 
on  functions  could  be  applied  separately  to  the  same 
Itaaeouslv”  identifv  both  word  class  and  scale 
itaout  loss  of  qenerality  and  perhaps  with  qreater 


The  results  of  separate  identification  of  word  classes  and 
scale  diaensions  are  summarized  in  Tables  IV  and  V.  For  both  kinds 
of  analyses,  separate  discriminant  analyses  were  made  on  the  data 
obtained  with  the  two  replicates  and  the  classification  percentages 
averaged.  For  each  of  the  discriminant  analyses,  discriminant 
functions  were  computed  which  detected  statistically  significant 
differences  between  the  criterion  groups.  The  chance  probabilities 
of  the  F values  computed  from  Wilk's  lambda  (U  statistic)  were  less 
than  .005  (most  were  less  than  .001).  For  both  Tables  IV  and  V the 
dackknifed  and  other-list  cross-validations  assess  tne  success  in 
applying  the  classification  functions  to  data  not  used  in  their 
development;  data  obtained  under  the  same  conditions  (one  case 
left  out)  and  data  obtained  by  using  the  other  replicate, 
respectively. 


Separate  identification  of  word  class  (Table  IV)  had  an 
overall  development  success  rate  of  60:4,  which  is  to  be  compared 
with  a chance  rate  of  33%  (three  word  classes).  The  generality  of 
the  classification  functions  is  indicated  by  the  jackknifed 
cross-validation  success  rate  (641)  and  other-replicate 
cross-validation  success  rate  (62%).  These  analyses  indicate  that 
word  classes  can  be  successfully  identified  in  spite  of  the  fact 
that  a wide  variety  of  semantic  scales  were  being  used  by  the 
subjects  when  these  iata  were  obtained. 


Separate  identification  of  scale  dimension  (Table  V)  had  an 
average  development  success  rate  of  uas,  which  is  to  be  compared 
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TABLE  IT 

3 SEMANTIC  WORD  CLASSES 
MULTIDIMENSIONAL  ANALYSIS  AND  CROSS-VALIDATION 

Analysis  iqnores  subject  task:  sesantic  differential  ratings. 

Percentages  of  EPs  Correctly  Classified 


Seaantic 

Class 

Developsent 
Replicate  1 

Jackknifed 
Cross- Valida  tion 
Replicate  1 

Other-Replicate 
Cross-Validation 
Replicate  2 

High 

(E* 

53.8 

46.  2 

64.1 

Neutral 

(E0,P0.A0) 

69.2 

66.7 

46.2 

Low 

(E-,P-,A-) 

76.9 

69.2 

82.0 

OV  ERALL 

66.7 

60.7 

64.1 

Replicate 

2 

Replicate  2 

Replicate  1 

High 

{B*,P+,  A+) 

76.9 

71.8 

53.8 

Neutral 

(E0,P0,A0) 

61.5 

56.  4 

56.4 

Low 

(E-,P-,A-) 

76.9 

71.8 

66.7 

OVERALL 

71.8 

66.7 

59.0 

XSSSSSXSS5S 

« SS 

SSSSSXS3SS  sxa 

COMBINED  RESULTS 

69.2 

63.7 

61.6 

Each  individual  percentage  based  on  39  EPs 
Percentage  correct  expected  by  chance:  33.3% 
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TABLE  T 

3 SBfIANTIC  SCALE  OIHEMSIOIIS 
Analysis  ignores  word  class. 

Percentages  of  BPs  Correctly  Classified 


Scale 

Diaension 

Developaent 
Replicate  1 

Jackknifed 
Cross-Talidation 
Replicate  1 

Other-Replicate 
Cross-Talidation 
Replicate  2 

Bwaluation 

46.2 

38.5 

33.3 

Potency 

59.0 

56.4 

28.2 

Activity 

48.7 

46.2 

33.3 

ATEBA6B 

51.3 

47.0 

31.6 

Replicate 

2 

Replicate  2 

Replicate  1 

Evaluation 

43.6 

43.6 

28.2 

Potency 

41. P 

35.9 

12.8 

Activity 

48.7 

43.0 

64.1 

ATE  RAGE 

44.4 

41.0 

35.0 

COHBINED  RESOL TS  «7.8 

44.0 

33.3 

Resalts  obtained  froa  13-subject  group. 

Bach  indiwiduil  percentage  based  on  39  BPs. 
Percentage  correct  expected  by  chance:  33.3^< 
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(C)  P.ErZF.ENCE  CCORDINATZS  IS  SZ.'IANTIC  SPACE 
BASED  CN  rP  ANALYSES 

The  semantic  glossary  (H€ise,1971)  tells  us  where  the  word 
stimuli  we  used  are  normativeiy  located  in  semantic  space  as 
defined  on  the  basis  of  Csgood's  analyses.  However,  we  wanted  to 
assess,  in  at  least  a preliminary  way,  how  the  EPs  in  the  present 
experiment  might  be  located  in  semantic  space  using  information 
developed  from  oreceeding  experiments  on  representation  of  semantic 
meaning  in  EPs. 

A previous  experiment,  described  in  a recent  report, 
investigated  EP  effects  by  presenting  words  representing  six 
different  classes  of  semantic  meaning  lying  at  the  positive  and 
negative  extremes  of  each  of  the  Osgood  dimensions:  Evaluation, 
Potency  and  Activity.  We  selected  words  waich  are  relatively 
"pure"  in  the  sense  that,  they  score  high  or  low  on  one  of  the 
dimensions  and  are  relatively  neutral  on  the  other  two.  Twenty 
words  from  each  of  the  six  semantic  categories  (Ee,  E-,  P+,  P- , A+ , 
and  A-)  were  randomiv  assigned  to  a list.  Two  such  lists  were 
constructed  using  different  words  to  control  for  specific  stimulus 
characteristics  or  properties  other  than  connotative  meaning  as 
well  as  provido  a data  base  well  suited  for  cross-validation.  The 
other  methodological  features  of  the  experiment,  including  the 
subjects*  semantic  differential  tas’xs  were  essentially  the  same  as 
those  described  for  this  current  one.  A part  of  the  analysis  of 
those  data  was  directed  at  comparing  results  with  still  earlier 
studies  and,  for  tnose  purposes,  a smaller  EP  data  set  was 
extracted  ignoring  the  15  semantic  scales  by  averaging  across  them. 
For  each  of  ten  subjects,  this  resulted  in  EPs  for  six  semantic 
classes  for  each  of  the  two  lists  of  words.  The  EP  data  were 
standardized  separately  for  each  subject  (values  at  each  time  point 
brought  to  ieari=0  aai  S.n.  = 1).  The  matrices  ot  data  for  each 
subject  were  adjoined  to  form  a 120  (EPs)  ty  1C2  (time  points) 
input  matrix  for  a varimaxed  principal  components  analysis  (Dixon, 

1 975).  Eleven  components  exceeded  the  eig3nvalue  = 1 criterion. 
Together  these  11  coaponen+s  accounted  for  93.97.  of  the  variance. 
The  scores  for  these  components  were  used  as  the  EP  measures 
entered  into  discriminant  analyses. 

Six  discriminant  analyses  were  performed  separately  on  the 
data  from  the  three  semantic  dimensions  (Evaluation,  Potency  and 
Activity)  for  the  two  "pure"  word  lists.  In  each  of  these 
" uaidiaensional"  analyses,  discriminant  functions  were  computed 
which  detected  statisticaiiv  significant  differences  between  the 
two  polar  semantic  groups.  These  differences  were  evaluated  using 
the  vilues  of  ? computed  from  Willc’s  lambda  (U  statistic).  The 
chance  probabilities  of  these  F values  were  less  than  .C5  to  less 
than  .001. 

overall,  the  unidimensional  analyses  of  the  "pure"  semantic 
classes  had  an  averaie  apparent  success  of  94^  and  average 
jackenifel  cross- va li 3 ation  success  of  S7a.  It  is  to  be  noted  that 
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present  data  usinq  ’’complex"  words  did  not  contribute  to  the 
Principal  Components  Analysis  in  anv  way.  The  classification 
functions  previously  obtained  from  the  six  uaidimensionai  analyses 
were  applied  to  the  component  scores  for  the  EPs  obtained  with  the 
"complex"  semantic  stimuli. 

The  success  rates  in  classifying  the  semantically  "complex" 
High  and  Low  word  classes  usinq  the  predictor  equations  of  the 
"puce"  word  classes  were  not  far  from  chance  levels  overall.  It 
was  not  expected  that  usinq  E*  vs.  S-  prediction  hy  itself,  for 
example,  would  do  well  in  placing  words  which  are  high  or  low  on  ? 
and  A dimensions  as  wall.  Greater  classification  successes  would 
be  expected  from  combining  the  information  from  ail  three  types  of 
predictor  equations  (E+  vs.  E- ; P«-  vs.  P-;  At  vs.  A-).  P.owever,  an 
important  question  to  be  answered  in  this  development  is  whether 
there  is  any  information  derived  from  the  previous  "pure" 
discriminant  functions  which  is  applicable  to  the  semanticailv 
"complex"  words,  and  more  specifically  if  these  "simple"  canronical 
variates  would  place  the  "complex"  word  classes  appropr iat edly  in 
semantic  space.  For  example,  the  High  word  class  bcinj 
simultaneously  Et,Pt,At  belongs  on  a diagonal  between  and  Pt  and 
At  axes  defined  by  tne  "pure"  canaonicai  variates. 

Each  of  the  canonical  functions  maximally  separating  the 
positive  and  negative  "pure"  word  classes  for  each  dimension  was 
used,  in  turn,  to  compute  coordinate  values  on  F,  P,  and  A 
canonical  variate  dimensions  for  the  FPs  obtained  with  the  High  and 
Low  word  classes.  The  mean  coordinate  values  for  the  High  and  Low 
groups  were  statistically  significantly  (reliably)  difierert  from 
one  another  in  the  case  of  all  six  functions  (p  values  ranged  from 
< .05  to  <<  .001).  In  5 out  of  the  6 analyses  the  High  word  class 
had  mean  values  that  were  more  positive  than  those  for  the  Low  word 
class.  The  function  which  produced  means  in  the  uncxoccted 
direction  was  one  which  faired  poorlv  in  aiscr  iainat  ing  and  A- 
qroups  in  the  earlier  cross-validation. 
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In  sunnarv,  we  extracted  the  siaplest  set  of  reference 
coordinates  available  froio  our  earlier  experiments  and  used  ther.  to 
proviie  some  estimates  of  the  rcan  locations  of  EPs  to  more  complex 
semantic  stimuli.  These  preliminary  results  support  further 
consideration  of  the  possibility  that  E?  measures  proviae  an 
additional  approach  to  mapping  semantic  space. 


(II)  Representation  of  Numerical  Meaning  in  Brain  Potentials 

In  addition  to  studying  connotative  meaning,  we  expanded  the 
scope  of  the  research  to  include  investigations  of  denotative 
meaning  and  brain  potentials.  From  the  standpoint  of  experimental 
definition,  design,  and  economy,  nun  ter  concepts  have  been  selected 
for  reasons  similar  to  those  which  led  us  to  the  use  of  Osgood’s 
analysis  as  a framework  for  examining  connotative  meaning.  Number 
concepts  provide  us  with  ofjective,  weii-lsfined  classes  ot  meaning 
(i.e.,  sets  containing  a specific  guantity)  wnich  have  a variety  of 
alternative  physical  representations  (i.e.,  stimuli).  For  example, 
"3",  "III",  "TdHFE"  and  "three"  ail  refer  to  the  same  number 
concept.  These  concepts  also  cut  across  most  cultural  boundaries 
and  are  not  dependent  on  particular  language  groups.  This  research 
also  represents  an  extension  of  our  earlier  work  with  numbers  and 
evoked  potentials  (Chapman  et  al.,  lyeg,  19C5,  1966,  1969a,  1969b, 
1973,  197ha,  and  in  press).  Extra-experimental  reasons  tot 
selecting  number  concepts  included  the  ubiquity  and  importance  of 
number  symbols  in  modern  communications  and  transactions,  and  the 
related  crucial  impor’'auce  of  perceiving  them  correctly  and 
j nderst  andinq  their  meanings  precisely.  Number  concepts  are  the 
linchpins  of  high  sneed  man- mach ine-can  interactions  of  an 
extremely  wide  variety.  The  analysis  of  the  brain  waves  of  the 
person  receiving  messages  could  inform  the  message  sender,  whether 
human  or  machine,  if  the  luGssagos  had  been  correctly  received. 

Our  present  research  comcires  into  a single  experimental  design 
exploration  of  (1)  the  detection,  by  means  of  analysis  of  evoked 
potentials,  of  numerical  information  denoted  bv  visual  stimuli  and 
(2)  the  transTissiou  of  such  numerical  information  by  means  of 
brain  potentials. 

A set  of  cardinal  numbers  was  used  to  define  distinct 
categories  of  numerical  meaning.  Visual  stimuli  with  various 
physical  properties  were  used  to  represent  each  ol  these  cardinal 
numbers,  for  example,  " h" , "IV",  "four",  "FOUR",  etc.  These 
stimuli  were  briefly  presented  visually  on  a computer  controlled 
TF.T  display  while  the  subiect's  L'EG  was  rtcordeil.  ’’’he  sequence  of 
stimuli  was;  (1)  a fixation  symbol  ( ♦)  , (2)  the  number  symbol,  (3) 
the  think  cue  symbol  (=),  and  (4)  tne  speak  response  cue  (NOW). 
During  the  first  two  ocriods,  the  subiect's  task  was  to  quietly 
observe  the  stimuli  and  to  prepare  for  tha  response  at  the 
remaining  periods.  At  the  third  period,  the  subiect's  task  was  to 
think  the  number  as  clearly  as  possitle  in  synchrony  with  the  cue 
stimulus,  bat  tiot  '•o  vocalize  its  name  at  all.  At  the  fourth 
seriod,  the  subiect's  task  was  to  speak  the  nucler.  EFs  collected 
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during  the  second  period  were  studied  for  effects  related  to  number 
concept  and  character  set.  .Evoked  potentials  collected  during  the 
third  period  were  used  to  determine  whether  numerical  information 
can  be  transmitted  by  evoked  potentials,  without  soecch  movements. 
Within  each  trial  the  oi sets  of  the  fixation,  number  symbol,  think 
cue,  and  speak  cue  were  1.0  sec.  apart.  The  numbers  were 
presented  in  random  sequences  within  each  run. 

Data  were  recorded  from  electrodes  at  scalp  locations  CPZ,  02, 
C3,  and  C4.  In  addition,  alpha  EEC  was  automatically  scored  from 
OZ  (Xroptl,  Chapman  ^ Armington,  1962)  and  EOO  recorded  from 
electrodes  located  inf raorbitali y and  on  the  external  canthus.  All 
six  channels  of  data  were  converted  to  diaital  values  every  5 msec 
for  a 1000  msec  epoch  beginning  25  msec  before  the  stimuli. 

Dropping  one  time  point  at  the  time  of  the  stimulus  resulted  in  199 
time  points  in  each  Evoked  Potential.  On  each  trial,  separate  EPs 
were  obtained  to  the  number  symbol  and  the  think  cue.  FPs  were 
averaged  separately  for  each  of  the  ten  numbers  (0-9)  presented  in 
each  of  4 modes  (Arabic,  Poman  , lower  case,  upper  case)  to  both 
number  and  think  cues.  This  resulted  in  80  EPs  (10  x 4 x 2).  Each 
FP  was  the  average  of  54  trials  (3  per  run  x 18  runs)  obtained  from 
a number  of  sessions.  Data  from  five  sub-jects  were  analyzed  (400 
EPS)  . 

The  EPs  from  each  electrode  were  standardized  separately  for 
each  subject  (Chanman,  JlcCrary,  Cnapman,  5 Bragdon,  1976).  The 
standardization  was  accomplished  by  transforming  the  data  at  each 
time  point  to  z-scores  (mean  = 0,  standard  daviation^l)  . Next,  the 
standardized  data  at  each  electrode  were  concatenated  for  all  five 
subjects,  forming  separate  data  sets  for  each  electrode  (4C0  EPs). 
Each  of  these  data  sets  was  submitted  to  a separate  Varimaxed 
Principal  Components  Analysis,  using  the  correlation  matrix  of  the 
199  time  points  and  eiqenvalues= 1 criterion.  Tha  resulting 
components  accounted  for  more  than  90%  of  the  variance  in  each  data 
set  (Table  VI) . Component  scores  were  computed  for  each  of  the  EPs 
as  part  of  the  output  of  the  Principal  Components  Analysis.  The 
component  scores  were  used  as  the  ZP  measures  in  subsequent 
Discriminant  Analyses,  that  investigated  the  ralation  of  the  brain 
responses  to  the  experimental  distinctions. 

One  of  the  experimental  guestions  is  whether  the  ten  numbers 
could  be  discriminated  oy  the  EP  responses  to  the  number  symbols, 
regardless  of  whether  they  were  presented  in  Arabic,  Roman, 
lower-case,  or  uoper-case  mode.  A Discriminant  Analysis  was  given 
access  to  the  Component  Scores  from  electrodes  at  CPZ,  CZ,  C3,  C4 
and  alpha  EEC  in  response  to  the  number  svmbols  and  discriminant 
functions  were  computed  to  assign  each  of  the  200  EPs  to  one  jf  tne 
ten  number  classes.  Using  ten  of  tnese  component  scores,  the 
classification  success  ou  the  data  from  which  they  were  developed 
was  33.5’.  The  success  rate  expected  by  chance  was  10*.  The 
cross-validation  assessed  by  the  jackknifed  procedure  achieved  a 
success  rate  of  19.51.  This  is  significantly  tetter  than  chance 
(Z hi-sgua re= 1 ^ . 0 1 , lf*1,  p<.503l).  Thus,  the  EPs  were 
3 i gnif  ican*’ Iv  related  to  the  nuaiber  symbols,  regardless  of  the  four 
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Table  VI 

Principal  Coinponeuts  Analyses  for  Number  Experiment 

Each  EP  contained  199  time  points  spaced  5 msec 
beginning  2'^  msec  before-  stimulus.  Each  analysis 
based  on  400  EPs  (6C  EPs  x 5 subjects)  , each  EP  an 
average  of  54  trials.  EPs  standardized  within 
subjects  separately  at  each  electrode. 


Elect  rode 

Components 
Number  Variance 

CPZ 

21 

94.5% 

OZ 

19 

91.7 

C3 

23 

93.7 

C4 

21 

94.0 

Alph  a 

7 

96.  5 

EGG 

6 

96.9 
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different  aaodes  with  various  physical  properties.  The  success 
rates  did  not  varv  siqnif  icant  Iv  for  the  Arabic,  Fonian,  lower-case, 
and  upper-case  modes  (Chi-square  = 3.  15,  df  = 3,  p>.25).  Nor  urd  the 
success  rates  vary  si  inif  leant  Iv  ainonq  the  five  subiects 
(Chi-square=3.  70,  df  = 4,  p>.25). 

A second  experimental  question  is  whether  the  ten  numlers 
could  be  discriminated  bv  the  EP  responses  to  the  think  cue,  which 
was  always  an  equal  siqn  ( = ) . A Discrinina  nt  Analysis  was  computed 
on  these  equal-siqn  data  in  tht  same  fashion  as  was  done  tor  the 
number  symbols.  Each  of  the  2C0  EPs  to  tha  equal-siqn  was  assigned 
to  one  of  the  ten  number  classes  according  to  the  number  that  was 
to  be  thought.  Using  eleven  of  the  EP  component  scores,  the 
development  classification  success  rate  was  35. OS.  The 
cross-validation  assessed  by  the-  iackknifed  procedure  achieved  a 
success  rate  of  21.54,  This  was  significantly  better  than  the 
chance  rate  of  10S  (corrected  Ch i-sguare=28 . 1 2,  df=1,  pk.OCOI). 

This  success  rate  for  EPs  to  the  think  cue  was  as  good  as  the 
success  rate  for  EPs  to  the  number  symbols  themselves.  The  same 
discriminant  functions  performed  equally  well  for  all  subjects  (no 
difference  in  success  rates  among  subjects,  Chi-sguar e= . 37 , df=u  , 

D >. 98)  . 

In  neither  case  did  the  discriminant  functions  generalize 
significantly  between  number  symbol  responses  and  think  cue 
responses  (9.C.4  and  13.05).  The  EPs  to  tha  number  symbols  and  the 
think  cue  (=)  were  quite  distinguishable.  Assigning  the  400  EPs  to 
these  two  classes  was  done  with  an  accuracy  of  96.55  (jackknifed 
success  rate)  by  a Discriminant  Analyses  using  11  of  the  component 
scores.  This  was  significantly  Detter  than  the  chance  rate  of  504 
(corrected  Chi-square=344. 10 , df=1,  pk.OOOl). 
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(III)  Stouaqe  in  Gh-art-Term  'leoory  and  Grain  Responses 

A critical  ingredient  in  most,  if  not  ail,  inf or-a tion 
processing  by  man  is  the  temporary  storage  of  incoming  information 
so  that  it  can  be  related  and  integrated  in  some  fasnioa  with  ether 
incoming  information.  There  is  considerable  behavioral  evidence 
that  all  incoming  stimulus  information  is  not  equally  available  at 
a later  time  (beginning  with  Ebbingh  aiis ' s classic  studies  of 
learning  and  memory  in  the  ninteenth  century).  There  are  a number 
of  factors  which  influence  the  storage  and  retention  of  stimulus 
information  in  memory.  Among  these  are  the  relevance  of  the 
stimulus  information  to  the  person's  ta  s)c  at  the  momant  and  the 
amount  of  previous  information  being  retained  in  a person's 
short-term  memory  which  is  apparently  of  limitad  capacity. 
Regardless  of  the  reasons  whv  stimulus  information  sometimes  is  not 
stored  in  an  individual's  memory,  it  would  be  extremely  useful  from 
a theoretical  and  practical  standpoint  to  be  able  to  determine  when 
stimulus  information  is  or  is  not  being  stored  in  memory. 

We  have  described  an  E?  component  which  is  tentatively 
interpreted  as  being  related  to  information  storage  (Chapman, 

1974a;  Cbapmau,  McCrary,  Sragdon,  and  Chapman,  in  press) . It  was 
found  in  an  experiment  which  was  investigating  brain  potentials  in 
relation  to  a number/letter  information  processing  task.  A number 
of  EP  components  were  identified  which  wera  functionally  related  to 
various  features  of  information  processing.  Among  tnese  is  one 
which  appears  to  be  guite  specifically  related  to  information 
storage  and  which  appears  in  the  same  form  in  replications  of  the 
experiments  in  whicn  the  intensity  of  the  stimulus  was  varied 
across  2.0  log  units.  The  experiment  used  number  and  letter 
comparison  tasks  in  which  subjects  performed  different 
information-processing  operations  on  different  occurrences  of  the 
same  physical  stimuli  (Chapman,  1 973).  On  each  trial,  four 
stimuli,  two  numbers  and  two  letters,  were  flashed  in  random  order 
with  an  interval  of  3/4  sec.  For  some  trials,  the  subject 
indicated  whether  the  first  or  second  number  was  larger  bv 
appropriately  moving  a two-way  switch,  the  letters  being 
irrelevant.  For  other  trials,  the  subject  compared  the  letters  and 
indicated  the  alphabetic  order.  Since  the  numbers  and  letters  were 
randomly  selected  (1-6,  A-F) , the  sequences  of  numbers  and  letters 
were  randomized,  and  the  performance  accuracy  was  better  than  99%, 
nearly  every  stimulus  was  processed  appropriately  bv  the  subjects. 
This  task  required  the  subject  to  store  the  letter  and/or  number 
information  in  his  memory  in  order  to  compare  it  with  relevant 
stimulus  information  occurring  a short  while  later.  An  FP 
component  was  found  by  a Principal  Components  Analysis  which  was 
associated  with  storage  of  stimulus  information.  The  component 
scores  far  this  "storage"  component  were  relatively  high  for 
relevant  and  irrelevant  stimuli  in  the  first  of  the  intra-trial 
positions  and  for  relevant  stimuli  in  tbe  second  positijn.  This 
was  in  narked  contrast  to  tne  "storage"  component  scores  to  the 
remaining  stimuli  where  it  was  not  necessary  for  the  subject  to 
store  the  stimulus  information  either  because  it  was  irrelevant  to 
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the  task  or  could  be  used  iiumcdiateiv  to  compare  with  tlie  nicoiorv  of 
the  previous  relevant  stimuli.  It  was  interpreted  tnat  the 
stimulus  information  was  stored  whenever  it  was  tne  first  relevant 
stimulus  or  when  the  memory  capacity  was  not  being  taxed  by  holding 
previously  stored  information.  The  loadings  for  this  "storage" 
component  reached  their  maximum  at  about  250  nsec.  This  "storage" 
component  is  orthogonal  to  other  2P  components  found  in  the  same 
experiment,  such  as  P300  and  CNV -resolution . Furthermore,  the 
oatteru  of  comooneut  scores  for  this  "storage"  component  is 
different  and  more  specifically  related  to  information  storage  than 
P30C,  which  was  related  to  all  relevant  stimuli,  or  CKV-resoiut ion , 
which  was  related  to  stimulus  uncertainty.  Essentially  the  same 
data  in  terms  of  both  pattern  of  component  scores  and  time-course 
of  component  loadings  have  been  found  in  replications  of  this 
experiment  at  3 different  intensity  levels  spaced  1.0  log  units 
apart.  This  lends  confidence  to  the  potential  generality  of  the 
"storage"  component. 

The  waveforms  of  these  coraponents  are  very  similar  in  ail  four 
sets  of  data,  reaching  their  maximum  about  250  msec,  after  the 
stimulus.  The  coefficients  of  factorial  similarity  among  the 
waveforms  from  the  four  data  sets  were  hiqii,  ranging  between  C.35 
and  0.99.  For  the  previous  experiment  the  maximum  was  at  250 
msec.;  for  the  new  data  the  maxima  are  at  25C  msec.,  25C  msec., 
and  270  msec,  for  high,  aid,  and  low  light  intensities, 
respect ivelv. 

The  Storage  Component  tenus  to  be  positive  for  stimuli  whose 
information  needs  to  be  stored  by  the  subiect  (Fig.  1).  Thus,  the 
magnitude  of  the  Storage  Component  was  more  pjsitive  tor  tne  first 
of  the  two  relevant  stimuli  presented  on  each  trial  (intra-triai 
positions  1 or  2)  than  for  the  second  relevant  stimulus 
(intra-trial  oositions  3 or  4).  The  Storage  Component  was  also 
relatively  positive  for  the  irrelevant  stimuli  when  they  occurred 
in  intra-'^rial  position  1.  Extending  the  storage  in  tt  r pret  ation  to 
this  result  leads  to  the  hypothesis  that  an  irrelevant  stimulus  ia 
position  1 IS  stored  in  memory,  whereas  irrelevant  stimuli  in 
positions  2,  3,  and  4 are  not.  Tuis  may  be  related  to  snort-term 
memory  having  a limited  capacity  and  storage  of  irrelevant 
information  interfering  with  processing  relevant  information.  The 
difference  in  the  Storage  Component  scores  for  relevant  and 
irrelevant  stimuli  in  iutra-trial  position  2 is  evidence  that  this 
component  is  not  related  simplv  to  an  order  effect.  N'or  is  this  EP 
component  related  to  amount  of  processing  which  is  Presumably 
greatest  for  the  comparison  operations  following  the  second 
relevant  stimulus,  next  most  for  the  storage  operations  associated 
with  the  first  relevant  stimulus,  and  least  cor  the  iicelevant 
stimuli.  N'or  does  this  EP  component  reflect  a general 
re le va n t- irre le vant  distinction.  Tne  Storage  Corapoueut  aid  not 
consistently  distinguish  be*-we'en  number  aal  letter  processing,  or 
between  number  and  letter  stimuli.  The  simplest  and  most  direct 
interpretation  is  that  this  EP  component  is  related  to  tne  storage 
of  information  in  tho  sup gect ' s short-term  aomorv.  Nore 
spocificailv  the  component  mav  reflect  the  process  of  reaming 
intoraation  out  of  i sensorv  register  into  short-term  memory.  Not 
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Storage  Component  of  EPs  from  CPZ  and  recall  for  experimental 
conditions  in  which  short-term  memory  demands  vary.  Insets 
show  the  Storage  Component  waveforms  scaled  appropriately  for 
relevant  numbers  in  position  1. 
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oniv  aere  the  Storage  Co.'nponent  scores  relate'!  to  nemory  storage 
conditions,  hut  also  tue  ‘■ininq  of  this  ^.P  compoiitat  (waveicras  in 
Fiq.  1 insets)  is  appropriate  tor  information  storace.  The  naxiauu 
of  the  Storage  Component  <<as  at  250  msec.  This  is  an  appropriate 
time  for  storing  information  needed  later  since  the  literature 
suggests  that  the  sensory  register  (icon)  is  fading  about  that 
time. 


The  results  demonstrate  the  robustness  of  the  Storage 
Component  in  the  face  of  large  differences  in  the  physical 
parameters  of  the  stimuli.  That  the  Storage  Component  represents 
neural  activity  in  the  stimulus-response  sequence  that  occurs  later 
than  the  simple  processing  of  sensory  input  is  supported  by  two 
findings:  (i)  its  independence  of  whether  the  stimuli  are  numbers 
or  letters  and  (ii)  that  changes  in  stimulus  intensity  which  are 
sufficient  to  al^er  -narkediv  the  overall  EP  have  onlv  a small 
effect  on  the  Storage  Component.  Further,  that  the  Storage 
Component  occurs  after  the  simple  processing  or  sensory  input, 
including  recognition  of  the  informational  content  of  the  stimulus, 
is  indicated  by  the  differences  in  response  to  identical  physical 
stimuli  when  the v piav  different  roles  in  the  information 
processing  task. 

Our  tGnt.ative  interpretation  that  this  FIP  component  is  related 
to  storage  was  based  on  considering  the  differential  scores  for  the 
lot  and  2nd  relevant  sti-iiuli  within  each  trial.  however,  finding 
high  Storage  Component  scores  for  irrelevant  stimuli  in  position  1 
required  ad  hoc  interpretations  in  order  to  maintain  the  storage 
i ien ti f ica tion.  Therefore,  wc  felt  that  it  was  important  to  check 
more  directly  the  storage  interpretation  by  a hehaviotal  experiment 
designed  to  assess  storage  in  short-term  memory. 

The  );ehaviorai  experiment  used  a memory  probe  teciinigue  to 
test  the  subjects'  recall  of  individual  stimuli  for  each  of  the  16 
conditions  in  the  elec trophysiological  experiments.  Experimental 
sessions  and  data  collection  were  conducted  by  experimenters  not 
involved  in  the  previous  experiments  and  not  aware  of  the 
hypothesis  being  tested.  The  experimental  procedure  was  tue  same 
as  for  the  collection  of  brain  responses  with  t ne  addition  of 
occasional  memory  probes.  The  primary  task  on  each  trial  was  to 
co-npare  the  two  numbers  on  one  run  of  102  ♦•rials  and  to  compare  the 
two  letters  on  a second  run.  Within  each  run  of  10?  trials,  eight 
randomly  located  memory  probes  were  seiectad  to  test  recall  of  a 
letter  and  a number  in  each  of  the  four  intra-trial  positions. 
Without  prior  warning  of  when  probes  would  occur,  blank  flashes 
were  delivered  3/u  and  1 1/2  sec.  after  the  probed  stimulus  and 
the  subgect  was  asked  what  the  last  character  was.  These  blank 
flashes  were  used  to  mask  the  probed  stimulus  and  to  delay  the 
recall  report  in  order  to  reduce  the  effects  ot  verv  short-term 
sensory  mister.  From  each  subject,  one  such  recall  probe  was 
obtained  for  cacn  of  the  16  conditions  (3  probes  each  in  a 
number-i  eievant  and  a letter-relevant  run).  The  cercent  correct 
recalls  from  52  subjects  (29  female  and  2.1  male  college  students) 
ace  given  in  z-scoro  units  in  Fig.  ID.  The  pattern  of  correct 
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recalls  is  strikinv^iv  siinilar  to  the  pattern  of  Storaije  Component 
scores  in  Fiq.  Ik,  IB,  1C  with  better  ncEory  for  relevant  stimuli 
in  intra-trial  positions  1 ar.ii  2 and  irrelevant  stiiuli  in  position 

1.  The  six  correlations  aaonq  the  four  patterns  of  oeans  e-ach 
in  Fiq.  1 ranqed  from  .71  to  .97.  Three-  interestiuq  teatures  of 
the  data  are  common  to  both  the  Storaqe  Con'ponent  of  the  brain 
responses  and  the  subiccts'  short-term  memory:  (1)  the  first 
relevant  stimulus  on  a trial  (intra-trial  position  1 or  2)  qave 
higher  scores  than  did  the  second  relevant  stimulus  (positions  3 or 
4) ; (2)  the  scores  were  high  tor  both  relevant  and  irrelevant 
stimuli  in  intra-trial  position  1;  and  (3)  in  position  2,  the 
scores  were  higher  for  relevant  stimuli  than  irrelevant  stimuli. 

The  recall  performance  is  plotted  as  a function  of  mean  Storaqe 
Component  score  (averaged  over  the  three  intensity  levels)  in  Fig. 

2.  Thus,  the  storage  interpretation  was  confirmed  by  predicting 
recall  performance  on  the  basis  of  the  Storage  Component  of  brain 
resp')nses  (r  = .77).  The  accuracy  of  this  prediction  is  impressive 
considering  that  behavioral  recall  is  not  solely  a function  of 
storage  liut  is  generally  considered  to  be  greatly  influenced  by 
other  factors  including  retrieval  niechanisms . 

One  of  the  reasons  that  the  Storage  Component  has  not  been 
found  in  other  EP  research  is  that  it  ma v be  partially  masked  by  a 
positive  peak  in  the  EP  which  often  occurs  slightly  before  250 
msec.  Hence,  measurement  based  on  peaks  of  the  average  EP  may  aiss 
the  latent  Storage  Component  that  was  derived  bv  Principal 
Component  Analyses  which  assess  the  relationships  among  all  the 
time  points  and  decompose  EPs  into  indeoendent  sources  of 
variation.  Now  that  the  Storage  Component  has  been  described  and 
its  waveform  is  known,  it  may  be  measured  by  computing  coinoonent 
scores  directly  in  other  EP  studies  without  doing  a complete 
Principal  Component  Analysis. 


Behavioral  recall  aa  a function  of  brain  reaponae  Storage  Component  acore. 
Experimental  conditiona:  lettera  (L)  or  numbera  (#) ; intra-trial  poaitiona 
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'Jsiaq  linear  comb  ina tions  of  EP  component  measures, 
statistically  significant  differences  were  found  amonq  the 
pre-\€fined  semantic  qroups  in  ail  analyses.  The  magnitude  of  the 
differences  among  the  semantic  qroups  in  the  samples  is  illustrated 
by  the  success  of  these  linear  combinations  in  classifying  the  EPs 
from  which  they  wore  comouted.  In  the  analyses  of  word  classes 
(Table  IV),  the  success  rate  was  about  2 times  greater  than  what 
one  would  expect  (on  the  average)  if  assignments  were  random  or  no 
true  iifferences  existed  among  the  groups.  It  is  conciudec  that 
evoked  potential  component  measures  can  distinguish  differences 
among  "complex"  word  classes  which  have  been  defined  by  means  of 
Csqood's  dimensions  in  semantic  space. 

The  results  of  tuese  analyses  of  the  data  provide  additional 
confirmation  of  our  previous  findings;  EPs  contain  information 
about  the  semantic  meaning  of  word  stimuli  used  to  obtain  them  and 
that  combinations  of  components  show  promise  in  identifying  the 
unknown  semantic  cnaracter  of  stimuli  which  have  evoked  particular 
brain  resnonses. 

The  results  obtained  in  the  current  phase  further  indicate  that 
semantic  effects  in  the  EP  continue  to  be  detectible  wnen  the 
sabgect  is  engaged  in  a semantic  task  considerably  more  complex 
than  only  repeating  the  stimulus  words.  The  added  complexity  of 
the  experimental  conlitions  clearlv  does  not  obscure  the  stimulus 
effects. 


Cur  new  findings  extend  the  generality  of  detecting  semantic 
word  classes  to  three  more  connotative  meaning  classes;  High, 
Neutral,  and  Low.  Those  were  defined  in  terms  of  Osgood's  E,P,5  A 
dimensions,  being  simultaneously  high,  neutral,  or  low  on  all  three 
semantic  dimensions.  Some  preliminary  computations  also  indicate 
the  possibility  of  using  EP  measures  to  develop  reference 
coordinates  which  can  be  used  to  specify  relative  locations  in 


semantic  space  for  more  complex  semantic  stimuli. 

In  a manner  which  parallels  onr  conclusions  about  identifying 
stimulus  word  class,  there  is  some  generality  to  identifying  scale 
dimension.  A number  of  scales  were  used  to  represent  each  semantic 
dimension  (five  for  each)  in  order  to  establish  general 
relationships  to  EPs,  not  tied  to  particular  exemplars  or  the 
semantic  scales.  This  pdrallcls  the  use  of  many  exemplars  of 
stimulus  word  class  in  establishing  the  generality  of  those  FP 
effects.  However,  identifying  the  scale  dimension  used  bv  the 
subierts  is  not  as  robust  as  ideutifvinq  the  semantic  class  of  the 
stimulus  word. 

Tuese  findincs  have  imo  lica  t ions  for  ipDlications  as  veil  as  a 
basic  understanding  of  the  processes.  Two  kinds  of  semantic 
effects  are  registered  in  the  EP  and  can  be  usa 5 to  tap  different 
aspects:  (1)  assessing  the  urocessing  of  the  semantic  Leaning  in 
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the  rfofds,  regardless  oi  the  semantic  cxocctariciec  of  the  subiect, 
and  (2)  assessing  tne  semantic  expectaucits  of  the  '^ab-ject, 
reqardless  of  the  semantic  content  of  the'  words. 

Tne  importance  of  these  semantic  effects  lies  partly  in  that 
they  aiav  assess  communication  at  a very  hiyh  level  of 
a nderst andin q.  Connotative  meaninq  is  closer  ♦•o  the  reactive  side 
of  information  processinq  than  to  the  input  side.  The  connotative 
dimensions  reflect  qeneral  characteristics  of  the  referents  of  the 
incominq  information;  is  it  qood  or  tad  (Evaluation  Dimension);  is 
it  powerful  or  weak  (Potency  Dimension) ; is  it  active  or  passive 
(Activity  Dimension).  Such  overall  assessment  of  incoiinq 
information  has  two  important  implications.  One  implication  is 
that  appropriate  connotative  responses  depend  on  appropriate 
processinq  of  the  incominq  message  and  thus  may  be  used  to  assess 
understandinq  at  a rather  high  level.  The  other  implication  is 
that  the  connotative  responses  oupht  to  be  a fairly  qood  predictor 
of  actual  behavior  in  relation  to  the  information,  reqardless  of 
whether  such  behavior  is  aporopriate.  For  example,  if  information 
about  an  "anqrv  lion  nearbv"  were  responded  to  with  connotative 
responses  of  "qood",  "weak",  and  "passive",  then  reqardless  of  the 
source  of  aisunderstan dinq , it  would  be  a qood  bet  that  the 
receiver  with  such  connotative  responses  may  not  behave  in 
appropriate  wavs. 


The  detection  of  numerical  information  by  means  of  Evoked 
Potentials  was  explored  by  analyzinj  the  responsss  to  visual  number 
svabols  and  a think  cue  (=).  For  noth  kinds  of  data  the  tc-n  number 
classes  (C-9)  were  i iscri ainated  at  significantly  better  than 
chance  levels  by  Discriminant  Analyses  using  FP  component  scores  as 
input  variables.  Jackknifed  cross-validation  classification 
success  rates  were  approximately  twice  as  largo  as  expected  by 
chance.  This  probablv  represents  tne  first  data  relating  brain 
response  data  to  numerical  concepts.  For  both  kinds  of  data,  the 
discriminant  functions  developed  for  a group  of  subjects  worked 
equally  well  for  eacn  individual.  The  research  has  established  the- 
feasibility  of  identifying  differences  among  number  concepts  by 
analysis  of  train  potentials,  and,  thus,  pending  careful 
confirmation,  opens  the  way  not  only  to  tuither  studies  of 
numerical  concepts  but  also  to  research  involving  the  manipulation 
of  numbers. 


An  Evoked  Potential  component  with  a post-stimulus  peak  about 
250  msec,  is  related  to  storage  of  information  in  short-term 
memory.  This  Storage  Component  was  found  in  an  experiment 
investigating  brain  ootentials  in  relation  to  a number/ietter 
information  processing  task.  In  replications  of  this  exp^eriment  at 
three  different  light  intensity  levels  spaced  1.0  log  unit  apart, 
essentially  the  same  component  waveform  and  pattern  of  component 
scores  were  found.  The  memory  storage  intt r pretat ion  was  confirmed 
in  a behavioral  experiment  which  orobed  short-term  memory.  Recall 
was  Dcedicted  bv  the  magnitude  of  the  Storage  Component. 
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Regardless  of  the  reasons  whv  stinuius  information  sometimes 
is  not  stored  in  an  individual's  memory,  it  would  be  extremelv 
useful  from  theoretical,  experimental,  educational  and  clinical 
standpoints  to  be  anie  to  determine  whether  or  not  sticuius 
information  is  being  stored  in  memory.  If  further  research 
sustains  the  interpretation  that  the  Storage  Comoonent  of  Evoiicd 
Potentials  reflects  the  process  of  storing  information  in 
short-term  memory,  tnea  this  brain  response  component  mav  be  used 
to  assess  storage  per  se,  uncontaminated  by  retrieval  mechanisms. 
The  Storage  Component  or  Evoked  Potentials  nolds  promise  of  serving 
this  practical  function  as  well  as  providing  an  entry  to 
understanding  the  neural  processes  related  to  aemorv. 
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distinctions  within  a particular  language  domain,  namely  connotative 
meaning.  This  strategy  strengthens  the  interpretation  of  the  positive  results 
in  that  (i)  classes  of  variables  such  as  stimulus  differences,  general  state 
differences,  and  information  processing  differences  are  less  likely  to 
confound  the  result  and  (ii)  the  specificity  of  the  language  effects  is  more 
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Abstract  | 
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( 

\n  2volt3d  Potential  coaponent  with  a post-stinalus  peak  about 
250  msec,  is  related  to  storage  of  information  in  short-term 
memory.  This  Storage  Component  was  found  in  an  experiment 
investigating  brain  potentials  in  relation  to  a .number/letter 
information  processing  task.  In  replications  of  this  experiment  at 
three  different  light  intensity  levels  spaced  1.0  log  unit  apart, 
essentially  the  same  component  waveform  and  pattern  of  component 
scores  were  found.  The  memory  storage  interpretation  was  confirmed 
in  a behavioral  experiment  which  probed  short-term  memory.  Pecall 
was  predicted  by  the  magnitude  of  the  Storage  Component, 
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* critical  ingredient  in  most  human  information  processing  is 
the  short-term  storage  of  incoming  information  so  that  it  can  be 
integrated  with  other  incoming  information.  Various  kinds  of 
maaorv  processes  with  different  properties  have  been  proposed  as 
ratainers  of  information  for  various  lengths  of  time  [1]/  e.  g. 
sansory  register,  short-term  store,  long-term  store, 
■’’lectrophysiological  and  behavioral  evidence  is  presented  here  for 
a neural  process  which  is  related  to  storage  in  short-term  memory. 

\ latent  component  of  electrically  recorded  brain  responses  ('Evoked 
Potentials,  3?s)  with  a post-stimulus  peak  about  23^*  msec,  was 
found  to  be  related  to  storage  of  stimulus  information  for  later 
use  in  number  and  letter  comparison  tasks. 

The  Storage  Component  of  the  TP  was  discovered  and  tentatively 
interpreted  as  being  associated  with  information  storage  in  an 
experiment  in  which  the  latent  components  and  component  scores  of 
the  brain  resoonses  from  12  subjects  were  obtained  by  a Varimaxed 
Principal  Components  Analysis  [2].  The  Storage  Component,  which  is 
the  focus  of  this  report,  was  one  of  eight  orthogonal  3P  components 
obtained  from  that  analysis. 

The  generality  of  the  Storage  Component  and  its  independence 
of  the  ohysical  characteristics  of  the  stimuli  were  tested  in 
further  experiments  [3].  The  same  stimuli  and  procedures  were  used 
exceot  that  the  intensity  of  all  stimuli  within  a run  of  1^2  trials 
was  ten  times  higher,  the  same,  or  one-tenth  as  high  as  in  the 
original  experiment  [4]. 

“"wo  numbers  and  two  letters  were  flashed  individually  in  random 
order  at  intervals  of  3/4  sec.  preceded  and  followed  by  a blank 
flash.  The  subject's  task  was  to  compare  numerically  the  two 
numbers  on  number-relevant  runs,  the  letters  being  irrelevant  to 
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th9  task.  On  the  other  half  of  the  runs,  tha  numbers  were 
irrelevant  and  the  task  was  to  compare  alphabetically  the  two 
letters  [S'). 

The  stimulus  processing  demanded  by  the  task  depended  on  a 
number  of  factors,  including  whether:  (i)  number  or  letter  stimuli 
were  task  relevant,  (ii)  the  number  or  letter  class  of  stimulus 
could  be  anticipated,  and  (iii)  the  character  was  the  first  or 
second  relevant  stimulus  of  the  pair  to  be  compared.  For  the  first 
relevant  stimulus  in  each  trial,  the  information  had  to  be  stored 
by  the  subject  until  the  second  relevant  stimulus  occurred,  after 
which  the  comparison  could  be  made. 

While  the  subject  was  performing  the  letter  or  number 
comparison  tasks,  electrical  brain  activivity  (F'^G)  was  recorded 
from  scalp  electrodes  [6]. 

By  averaging  the  brain  activity  evoked  by  stimuli  for  similar 
conditions,  averaged  Rvoked  Potentials  (^ps)  were  obtained  for  6 

e 

conditions:  relevant  and  irrelevant  numbers  and  letters  at  four 

intra’trial  positions.  From  trial  to  trial  the  first  number  (or 
latter)  stimulus  occurred  in  intra-trial  position  1,  2 or  3,  while 
the  second  number  (or  letter)  stimulus  occurred  in  intra-trial 
positions  2,  3,  or  4,  To  simplify  interpretations  certain  data 
ware  discarded,  so  the  BPs  for  intra-trial  positions  1 and  2 were 
based  only  on  the  first  number  and  letter  stimuli  presented  within 

I 

each  trial,  while  the  BPs  for  intra-trial  positions  3 and  4 were 
based  only  on  the  second  number  and  letter  stimuli  presented  within 
each  trial.  For  each  of  the  three  intensity  levels,  3Ps  were 
collected  in  the  same  manner  and  each  of  the  three  sets  of  data  was 
analysed  separately  [7],  Latent  components  and  component  scores 
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of  each  of  the  data  matrices  were  computed  using  varimaxed 
Principal  Components  Analysis  [8]. 

In  all  three  data  sets,  an  2P  component  emerged  which  was 
strikingly  similar  to  the  Storage  Component  previously  found  [21 
with  regard  to  both  waveform  and  relative  magnitude  for  the  16 
conditions  (Fig.  1B,  1C),  The  waveforms  of  these  components 

are  very  similar  in  all  four  sets  of  data,  reaching  their  maximum 
about  250  msec,  after  the  stimulus.  The  coefficients  of  factorial 
similarity  among  the  waveforms  from  the  four  data  sets  were  high, 
ranging  between  D.85  and  0.99.  For  the  previous  experiment  the 
maximum  was  at  250  msec.;  for  the  new  data  the  maxima  are  at  250 
msec.,  25?  msec.,  and  270  msec,  for  high,  mid,  and  low  light 
intensities,  respectively. 

The  Storage  Component  tends  to  be  positive  for  stimuli  whose 
information  needs  to  be  stored  by  the  subject.  Thus,  the  magnitude 
of  the  Storage  Component  was  more  positive  for  the  first  of  the  two 
relevant  stimuli  presented  on  each  trial  (intra-trial  positions  1 
or  2)  than  for  the  second  relevant  stimulus  (intra-trial  positions 
3 or  h).  The  Storage  Component  was  also  relatively  positive  for 
the  irrelevant  stimuli  when  they  occurred  in  intra-trial  position 
1c  Fxtending  the  storage  interpretation  to  this  result  leads  to 
the  hypothesis  that  an  irrelevant  stimulus  in  position  1 is  stored 
in  memory,  whereas  irrelevant  stimuli  in  positions  2,  3,  and  h are 
not.  This  may  be  related  to  short-term  memory  having  a limited 
capacity  and  storage  of  irrelevant  information  interfering  with 
processing  relevant  information.  The  difference  in  the  Storage 
Component  scores  for  relevant  and  irrelevant  stimuli  in  intra-trial 
position  2 is  evidence  that  this  component  is  not  related  simply  to 
an  order  effect,  ’’or  is  this  component  related  to  amount  of 
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processing  which  is  presumably  greatest  for  the  comparison 
operations  following  the  second  relevant  stimulus,  next  most  for 
the  storage  operations  associated  with  the  first  relevant  stimulus, 
and  least  for  the  irrelevant  stimuli.  Nor  does  this  2P  component 
reflect  a general  relevant- irrelevant  distinction  [91.  The  Storage 
Component  did  not  consistently  distinguish  between  number  and 
letter  processing,  or  between  number  and  letter  stimuli.  The 
simplest  and  most  direct  interpretation  is  that  this  3P  component 
is  related  to  the  storage  of  information  in  the  subject's 
short-term  memory.  Sore  specifically  '•he  component  may  reflect  the 
process  of  reading  information  out  of  a sensory  register  into 
short-term  memory.  Not  only  were  the  Storage  Component  scores 
related  to  memory  storage  conditions,  but  also  the  timing  of  this 
EP  component  (waveforms  in  Fig.  1 insets)  is  appropriate  for 
information  storage.  The  maximum  of  the  Storage  Component  was  at 
2*1  msec.  This  is  an  appropriate  time  for  storing  information 
needed  later  since  the  literature  suggests  that  the  sensory 
register  (icon)  is  fading  about  that  time  [10], 

The  results  demonstrate  the  robustness  of  the  Storage  Component 
in  the  face  of  large  differences  in  the  physical  parameters  of  the 
stimuli.  That  the  Storage  Component  represents  neural  activity  in 
the  stimulua-response  sequence  that  occurs  later  than  the  simple 
processing  of  sensory  input  is  supported  by  two  findings:  (i)  its 
independence  of  whether  the  stimuli  are  numbers  or  letters  and  (ii) 
that  changes  in  stimulus  intensity  which  are  sufficient  to  alter 
markedly  the  overall  dP  have  only  a small  effect  on  the  Storage 
Component.  Further,  that  the  Storage  Component  occurs  after  the 

I 

. e 

simple  processing  of  sensory  input,  including  recognition  of  the 
informational  content  of  the  stimulus,  is  indicated  by  the 
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differences  in  response  to  identical  physical  stinuli  when  they 
play  different  roles  in  the  inforaation  processing  task.  For 
example,  in  Fig.  1 compare  the  component  scores  to  relevant  and 
irrelevant  stimuli  iu  intra-trial  position  2 and  compare  the 
component  scores  to  relevant  stimuli  in  positions  1 or  2 with  those 
in  positions  3 or  4.  Along  the  time  continuum,  the  Storage 
Component  precedes  both  the  behavioral  response  and  the  comparison 
operations  which  cannot  occur  until  intra-trial  positions  3 or  4, 
Che  Storage  Component  (maximum  about  250  msec.)  occurs  before  an  ?P 
component  related  to  alphabetic  comparison  (maximum  at  about  350 
msec.)  [2]. 

Our  tentative  interpretation  that  this  EP  component  is  related 
to  storage  was  based  on  considering  the  differential  scores  for  the 
1st  and  2nd  relevant  stimuli  within  each  trial.  However,  finding 
high  Storage  Component  scores  for  irrelevant  stimuli  in  position  1 
reguired  ad  hoc  interpretations  in  order  to  maintain  the  storage 
identification.  Therefore,  we  felt  that  it  was  important  to  check 
more  directly  the  storage  interpretation  by  a behavioral  experiment 
designed  to  assess  storage  in  short-term  memory. 

'"he  behavioral  experiment  used  a memory  probe  technique  to 
test  the  subjects*  recall  of  individual  stimuli  for  each  of  the  16 
conditions  in  the  electrophysiological  experiments.  Experimental 
sessions  and  data  collection  were  conducted  by  experijnenters  not 
involved  in  the  previous  experiments  and  not  aware  of  the 
hvoothesis  being  tested,  "^he  experimental  procedure  was  the  same 
as  for  the  collection  of  brain  responses  with  the  addition  of 
occasional  memory  probes.  The  primary  task  on  each  trial  was  to 
compare  the  two  numbers  on  one  run  of  102  trials  and  to  compare  the 
two  letters  on  a second  run  [111.  Within  each  run  of  102  trials. 
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eight  randoily  located  nesory  probes  were  selected  to  test  recall  . 
of  a letter  and  a number  in  each  of  the  four  intra-trial  positions. 
Without  prior  warning  of  when  probes  would  occur,  blank  flashes 
were  delivered  3/4  and  1 1/2  sec»  after  the  probed  stimulus  and 
the  subject  was  asked  what  the  last  character  was.  These  blank 
flashes  were  used  to  mask  the  probed  stimulus  and  to  delay  the 
recall  report  in  order  to  reduce  the  effects  of  very  short-term 
sensory  register.  Prom  each  subject,  one  such  recall  probe  was 
obtained  for  each  of  the  16  conditions  (8  probes  each  in  a 
number-relevant  and  a letter-relevant  run) . The  percent  correct 
recalls  from  52  subjects  (29  female  and  23  male  college  students) 
are  given  in  z-score  units  in  ?ig.  tD  [12].  "^he  pattern  of 
correct  recalls  is  strikingly  similar  to  the  pattern  of  Storage 
Component  scores  in  Fig.  Ik,  1B,  1C  with  better  memory  for  relevant 
stimuli  in  intra-trial  positions  1 and  2 and  irrelevant  stimuli  in 
Dosition  1.  The  six  correlations  among  the  four  patterns  of  16 
means  each  in  Pig,  1 ranged  from  .71  to  ,97.  Three  interesting 
features  of  the  data  are  common  to  both  the  Storage  Component  of 
^he  brain  responses  and  the  subjects*  short-term  memory:  (1)  the 
first  relevant  stimulus  on  a trial  (intra-trial  position  1 or  2) 
gave  higher  scores  than  did  the  second  relevant  stimulus  (positions 
3 or  4) ; (2)  the  scores  were  high  for  both  relevant  and  irrelevant 

stimuli  in  intra-trial  position  1;  and  (3)  in  position  2,  the 
scores  were  higher  for  relevant  stimuli  than  irrelevant  stimuli. 

""ha  recall  performance  is  plotted  as  a function  of  mean  Storage 
Component  score  (averaged  over  the  three  intensity  levels)  in  Pig. 

2.  Thus,  the  storage  interpretation  was  confirmed  by  predicting 
recall  oerfornance  on  the  basis  of  the  Storage  Component  of  brain 
responses  (r  * .77),  Tha  accuracy  of  this  prediction  is  impressive 
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considerinq  that  behavioral  recall  is  not  solely  a function  of 
storage  but  is  generally  considered  to  be  greatly  influenced  by 
other  factors  including  retrieval  aechanisns. 

One  of  the  reasons  that  the  Storage  Component  has  not  been 
found  in  other  SP  research  is  that  it  nay  be  partially  aashed  by  a 
positive  peak  in  the  PP  which  often  occurs  slightly  before  250 
msec.  Hence,  neasarenent  based  on  peaks  of  the  average  ZP  nay  niss 
the  latent  Storage  Component  that  was  derived  by  Principal 
Component  Analyses  which  assess  the  relationships  among  all  the 
tiae  points  and  deconpose  );?s  into  independent  sources  of 
variation,  How  that  the  Storage  Component  has  been  described  and 
its  waveform  is  known,  it  may  be  measured  by  computing  component 
scores  directly  in  other  ZP  studies  without  doing  a complete 
Principal  Component  Analysis. 

Regardless  of  the  reasons  why  stimulus  information  sometimes 
is  not  stored  in  an  individual’s  memory,  it  would  be  extremely 
useful  from  theoretical,  experimental,  educational  and  clinical 
standpoints  to  be  able  to  determine  whether  or  not  stimulus 
information  is  being  stored  in  memory.  If  further  research 
sustains  the  interpretation  that  the  Storage  Component  of  '"voked 
Potentials  reflects  the  process  of  storing  information  in 
short-term  memory,  then  this  brain  response  component  say  be  used 
to  assess  storage  per  se,  uncontaminated  by  retrieval  mechanisms. 
The  Storage  Component  of  Evoked  Potentials  holds  promise  of  serving 
this  practical  function  as  well  as  providing  an  entrv  to 
understanding  the  neural  processes  related  to  memory. 
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Figure  Legends: 

Fig.  1,  Storage  Component  of  brain  responses  and  recall  for 
experimental  conditions  in  which  short-term  memory  demands  vary,  » 
letter  (L)  or  number  (#)  was  flashed  in  each  of  the  intra-trial 
positions  (spaced  3/4  sec.).  The  task  (compare  letters  or  numbers) 
required  short-term  memory  for  relevant  stimuli  (circled)  in 
positions  1 and  2.  Brain  response  and  behavioral  measures  are  in 
z-score  units,  4ote  the  similarity  of  the  pattern  of  the  data  in 
all  four  panels.  (A),  (B)  , (C)  ; 'Evoked  Potential  C^P)  storage 

Components  were  obtained  from  separate  varinaxed  Principal 
Components  Analyses  on  ’’Ps  obtained  with  stimuli  at  three  light 
intensities  spaced  1,3  log  unit  apart.  Insets  show  the  Storage 
Component  waveforms  scaled  appropriately  for  relevant  numbers  in 
position  1;  the  fundamental  time  course  of  the  component  (rotated 
factor  loadings  multiplied  at  each  of  132  time  points  by  standard 
deviations)  was  multiplied  by  the  mean  Storage  Component  score  for 
that  condition;  the  48C  msec,  calibration  bar  begins  at  the 
stimulus  flash.  Storage  Component  waveforms  peaked  at  25(',  25C, 

27*^  msec,  for  high,  mid,  and  low  intensities,  respectively,  BFs 
obtained  from  scalp  electrode  at  CPZ  (central-parietal  midline) 
referred  to  linked  earlobes,  (D) r Mean  recall  by  52  subjects  using 
an  occasional,  random  memory  probe  ("What  was  the  last  character?")  i 

while  performing  the  primary  task  of  comparing  numbers  or  letters,  , 

j 

Percent  correct  recall  converted  to  equivalent  z-score  (probits).  j 

rig.  2.  Behavioral  recall  as  a function  of  brain  response  Storage  ' 

Component  score,  Pearson  correlation  coefficient  is  .7“’;  linear 

I 

I 

I 

1 


regression  line  shown 


dean  BP  component  score  is  average  of 
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Storage  Component  scores  found  at  the  three  stimulus  intensities 
(?ig.  1A,  ■’B,  iC)  . [lean  recall  from  52  subjects  obtained  by  memory 
probe  (Fig.  ID).  Experimental  conditions;  letters  (L)  or  numbers 
(*)  ; intra-trial  positions  (1,  2,  3,  or  '4);  relevant  to  primary 
task  (circled)  or  irrelevant  (not  circled). 
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HEMISPHERIC  DIFFERENCES  IN  EVOKED  POTENTIALS 
TO  RELEVANT  AND  IRRELEVANT  VISUAL  STIMULI 


Robert  M.  Chapman  and  John  W.  McCrary 
Uriversity  of  Rochester 
Rochester,  New  York  1^627 


Since  the  early  c.ays  o*  averaging  Evoked  Potentials  (EPs)  in 
man,  the  importance  of  ccgnitive  variables,  as  well  as  stimulus 
variables,  has  been  recognized  (e.g..  Chapman  and  Bragdon,  1964). 
Using  an  experimental  design  which  involves  processing  number  and 
letter  stimuli,  we  have  been  studying  EP  effects  related  to  a 
variety  of  cognitive  operations  (Chapman,  1965;  1966;  1969a; 

1969b;  1973;  1974a;  1974b;  1977;  in  press;  Chapman,  McCrary, 
Bragdon,  and  Chapman,  in  press;  Chapman,  McCrary,  and  Chapman,  in 
press) . Most  of  our  analyses  have  been  for  the  CPZ  scalp  location 
(recorded  monopolar  on  the  midline  1/3  of  the  distance  from  Cz  to 
Pz;  reference  was  linked  ear  lobes).  It  is  of  interest  to  study 
the  cognitive  effects  at  other  sites,  with  a particular  focus  on 
the  question  of  hemispheric  differences  and  parietal-occipital 
differences. 

A more  complete  description  of  the  experimental  design  and 
discussion  of  interpretations  for  the  present  chapter  is  given  in 
Chapman  (1973).  In  that  paper  results  are  given  for  12  subjects 
for  midline  electrodes  located  over  the  central-parietal  (CPZ)  and 
the  occipital  area  (Oz),  as  well  as  control  data  for  EOG  and  alpha 
EEG.  The  present  experiment  provides  comparable  data  for  8 
subjects  for  laterally  located  electrodes  over  parietal  (P3  and 
P4)  and  occipital  (01  and  02)  areas,  and  permits  an  evaluation  of 
hemispheric  differences  in  the  information  processing  tasks.  In 
general,  comparable  information-processing  effects  were  found  in 
both  experiments.  The  evaluation  of  location  differences  was 
facilitated  by  the  addition  of  control  EPs  to  blank  flashes  and 
the  use  of  additional  analysis  procedures,  featuring  Discriminant 
Analyses. 


Earlier  work  on  hemispheric  specialization  has  been 
critically  reviewed  by  Donchin,  McCarthy  4 Kutas  (1977).  A caveat 
should  be  noted  in  considering  hemispheric  differences,  or  any 
brain  localization  effects,  from  EP  data.  EP  effects  localized  at 
some  scalp  site  do  not  necessarily  mean  that  the  adjacent  brain 
region  is  responsible  for  those  processes.  Because  the  measure  is 
a voltage  difference  in  an  electrical  field  of  a conducting 
medium,  the  orientation  of  the  source  as  well  as  its  distance  are 
important.  Far  field  effects  have  been  demonstrated  for  early 
auditory  potentials  (Jewett  et  al.,  1970).  The  importance  of 
source  orientation  is  illustrated  by  scalp  localizations  opposite 
to  brain  hemisphere  in  visual  field  studies  (Halliday  et  al., 
1977).  Incidentally,  the  same  problems  exist  for  electrical 
recording  within  brain  structures  as  for  scalp  recording.  Given 
this  caveat,  the  spatial  localization  interpretations  given  in 
this  chapter,  strictly  speaking,  refer  to  particular  scalp  sites 
(with  ear  reference)  and  should  be  extended  to  brain  localization 
with  great  caution. 

Another  problem  relates  to  the  assumption  that  larger  EP 
amplitudes  signify  more  processing.  We  suggest  a method  of 
analysis  here  which  avoids  this  assumption,  at  least  in  its  usual 
simplistic  form.  The  method  is  based  on  Discriminant  Analyses 
which  focus  on  variations  of  EP  measures  which  maximally 
discriminate  particular  conditions.  This  approach  does  not  rely 
on  sheer  amplitude,  but  rather  seeks  combinations  of  amplitudes, 
large  or  small,  which  most  systematically  covary  with  particular 
sets  of  experimental  conditions. 


EXPERIMENTAL  PROCEDURE 

Two  numbers  and  two  letters  were  flashed  individually  in 
random  order  at  intervals  of  3/*1  sec.  preceded  and  followed  by  a 
blank  flash.  The  subject's  task  was  to  compare  numerically  the 
two  numbers  on  number-relevant  runs,  the  letters  being  irrelevant 
to  the  task.  On  the  other  half  of  the  runs,  the  numbers  were 
irrelevant  and  the  task  was  to  compare  alphabetically  the  two 
letters.  By  appropriately  moving  a momentary  two-way  switch  at 
the  end  of  each  trial,  the  subject  indicated  whether  the  first  or 
second  number  was  larger  on  number-relevant  runs  and  similarly 
indicated  the  alphabetic  order  on  letter-relevant  nans.  The 
subject  had  a 1.5  sec.  time  slot  following  the  last  flash  in 
which  to  answer  before  the  next  trial  started.  Correct  answers 
produced  a tone;  wrong  answers  produced  a buzz.  The  numbers  and 
letters  were  randomly  selected  (1-6,  A-F)  and  the  sequences  of 
numbers  and  letters  were  randomized.  Nearly  every  stimulus  was 
processed  appropriately  by  the  subjects,  with  a performance 
accuracy  of  better  than  99)t.  All  stimuli  were  flashed  at  the  same 


spatial  location  by  a Blna-Vlew  display  equipped  with  a Grass 
strobe  (flash  duration  < 10  mlcrosec.). 

The  stlfflulus  processing  demanded  by  the  task  depended  on  a 
number  of  factors,  Including  whether:  (1)  number  or  letter  stimuli 
were  task  relevant,  (11)  the  number  or  letter  class  of  stimulus 
could  be  anticipated,  and  (111)  the  character  was  the  first  or 
second  relevant  stimulus  of  the  pair  to  be  compared.  For  the 
first  relevant  stimulus  In  each  trial,  the  Information  had  to  be 
stored  by  the  subject  until  the  second  relevant  stimulus  occurred, 
after  which  the  comparison  could  be  made. 

While  the  subject  was  performing  the  letter  or  number 
comparison  tasks,  electrical  brain  activlvlty  (EEC)  was  recorded 
from  scalp  electrodes  at  P3,  P^,  01,  and  02  (referenced  to  linked 
ear  lobes).  Frequency  band-pass  was  0.3  to  70  Hz;  102  samples  at 
5 msec.  Intervals  were  obtained  beginning  30  msec,  before  each 
stimulus.  The  data  were  collected  from  eight  right-handed 
subjects  (5  male,  3 female)  over  a series  of  six  sessions  each. 

By  averaging  the  brain  activity  evoked  by  stimuli  for  similar 
conditions,  separate  averaged  Evoked  Potentials  (EPs)  were 
obtained  for  16  Information-processing  conditions:  relevant  and 
Irrelevant  numbers  and  letters  at  four  Intra- trial  positions. 

From  trial  to  trial  the  first  number  (or  letter)  stimulus  occurred 
In  Intra-trlal  position  1,  2 or  3,  while  the  second  number  (or 
letter)  stimulus  occurred  In  Intra-trlal  positions  2,  3,  or  *».  To 
simplify  Interpretations  certain  EEG  data  were  discarded,  so  the 
EPs  for  Intra-trlal  positions  1 and  2 were  based  only  on  the  first 
number  and  letter  stimuli  presented  within  each  trial,  while  the 
EPs  for  Intra-trlal  positions  3 and  4 were  based  only  on  the 
second  number  and  letter  stimuli  presented  within  each  trial. 

Even  the  Irrelevant  stimuli  In  this  experiment  must  be 
processed  to  a certain  extent  to  determine  that  they  are 
Irrelevant.  The  subject  cannot  anticipate  whether  the  stimulus 
will  be  a letter  or  a number,  and  hence  relevant  or  Irrelevant, 
except  In  Intra-trlal  position  4.  To  provide  a control  with  even 
less  processing  by  subjects,  runs  were  added  In  which  only  blank 
flashes  occurred.  The  blank  flashes  were  provided  by  the  same 
Blna-Vlew  device  and  appeared  as  an  Illuminated  rectangle.  The 
trials  for  those  runs  had  the  same  temporal  structure  as  the 
letter-number  trials:  blank  flashes  at  the  4 Intra-trlal 
positions,  preceded  and  followed  by  a blank  flash,  all  spaced 
3/4-sec.  apart. 

Each  run  contained  102  trials,  each  with  four  Intra-trlal 
positions.  Each  subject  was  given  10  number-relevant,  10 
letter-relevant,  and  4 blank  runs  spaced  over  a number  of 
sessions.  Averaging  across  all  runs,  the  EPs  for  each  subject 


were  based  on  the  EEG  responses  to  272  to  510  stimuli.  This 
yielded  20  EPs  for  each  subject:  relevant  and  irrelevant  numbers 
and  letters  and  blanks  for  each  of  the  intra- trial  positions. 

For  each  electrode,  the  data  set  consisted  of  160  EPs  (20  x 8 
subjects) . 


EP  Measures 

The  EPs  were  measured  in  the  manner  described  in  Chapman 
(1973)  in  order  to  facilitate  comparison  with  the  midline  results 
reported  there.  For  each  EP,  five  measures  were  obtained:  mean 
amplitude  over  480  msec.,  amplitude  at  0 msec.,  and  amplitude  at 
105  msec.,  225  msec.,  and  315  msec.  The  most  global  measure  was 
mean  amplitude  over  480  msec,  relative  to  a baseline  obtained  at  0 
msec,  (time  of  stimulus;  the  baseline  was  the  average  of  4 time 
points  before  and  3 after  the  stimulus).  The  amplitude  at  105 
msec.,  225  msec.,  and  315  msec,  were  similarly  measured  relative 
to  the  same  baseline  at  0 msec.  These  measures  index  the 
amplitude  at  specified  points  within  the  EPs  without  the  necessity 
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Fig.  1.  Sample  Evoked  Potentials  from  one  subject. 
Monopolar  recording  from  left  and  right  parietal  (P3,P4)  suid 
occipital  (01,02)  scalp  locations  (referenced  to  linked  ear 
lobes).  Vertical  lines  100  msec,  apart. 


MEAN  AMPLITUDE  OVER  480  msec  OxV) 


of  Identifying  particular  peaks.  The  amplitude  at  0 msec,  was 
measured  relative  to  an  arbitrary  voltage  level  across  the  entire 
trial  of  4 intra- trial  positions.  The  amplitude  at  0 msec, 
indexes  CNV  activity. 


RESULTS 

Fig.  1 illustrates  some  of  the  EPs  for  one  of  the  subjects. 
For  this  figure,  the  EPs  were  averaged  across  numbers  and  letters 
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Fig.  2.  Mean  amplitude  over  480  msec,  from  left  and  right 
parietal  electrodes  for  20  experimental  conditions  with 
varying  information  processing  demands.  Number  (#), 
letter  (L),  and  blank  (box)  visual  stimuli.  Relevant 
(circled  symbols  and  solid  lines)  and  irrelevant  (not 
(circled  symbols  and  dashed  lines).  Information  processing 
characteristics  associated  with  intra-trial  positions  are 
summarized  below  the  abscissa.  Data  are  means  from  8 subjects. 
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and  intra- trial  positions,  in  order  to  illustrate  the  hemispheric 
differences  for  relevant,  irrelevant,  and  blank  stimuli.  In  this 
case,  the  EPs  from  the  left  are  larger  than  those  from  the  right, 
and  this  hemispheric  difference  is  greater  for  relevant  and 
irrelevant  stimuli  than  for  blank  stimuli.  Drawing  conclusions 
from  the  data  of  one  subject  may  be  misleading.  To  assess  those 
effects  which  have  more  generality,  the  data  for  all  eight 
subjects  have  been  examined  as  a set. 
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Fig.  3.  Amplitude  at  0 msec,  relative  to  an  arbitrary 
voltage  level  which  was  the  same  for  all  responses.  This 
measure  indexes  CNV.  Other  specification  as  for  Fig.  2. 


/ 


EP  Measures  for  Experimental  Conditions 

The  results  for  mean  amplitude  over  ^80  msec,  are  quite 
similar  from  left  and  right  electrodes  (P3  and  PU  shown  in  Fig.  2) 
and  are  similar  to  those  previously  obtained  from  midline 
electrodes  at  CPZ  and  Oz  (Chapman,  1973,  Figs.  3.6  & 3.7).  The 
moat  striking  result  is  the  difference  between  relevant  and 
irrelevant  stimuli,  regardless  of  whether  numbers  or  letters  were 
involved.  There  is  also  an  interaction  between  relevance  and 
intra- trial  position.  In  addition,  the  EPs  to  the  blank  flashes 
are  considerably  smaller  than  the  responses  to  the  number  and 
letter  stimuli.  However,  the  EPs  to  the  irrelevant  number's  and 
letters  in  intra-trial  position  where  there  is  lOOt  prestimulus 
certainty  of  stimulus  class,  approach  the  low  amplitudes  obtained 
to  the  blank  flash  controls. 

Although  there  appear  to  be  differences  between  the  results 
for  P3  and  P4,  the  similarities  dominate  comparisons.  The  results 
for  01  zmd  02  (not  shown)  are  also  quite  similar. 

The  amplitude  at  0 msec,  showed  a different  pattern  of 
relations  to  the  experimental  conditions  (Fig.  3)  which  was 
similar  to  midline  data  previously  reported  (Chapman,  1973,  Fig. 
3.12).  There  were  essentially  no  differences  between  relevant  and 
irrelevant  conditions  at  intra- trial  positions  1 and  3.  At  these 
positions,  there  was  a 50-50  chance  of  a letter  or  number 
occurring  and  therefore  a 50-50  chance  of  the  stimulus  being 
relevant  or  irrelevant.  However,  the  prestimulus  certainty  of  a 
letter  or  number  occurring  in  intra-trial  positions  2 and  U was 
biased  (67/1  and  100J,  respectively).  At  positions  2 and  4 there 
was  a difference  in  amplitude  at  the  time  of  the  stimulus  for 
relevant  and  Irrelevant  stimuli.  At  intra-trial  position  4,  where 
there  was  lOOH  certainty  prior  to  the  presentation  of  the 
stimulus,  the  amplitude  at  0 msec,  was  more  negative  when  the 
stimulus  was  to  be  relevant  than  when  it  was  to  be  irrelevant. 

This  result  is  in  agreement  with  the  CNV  literature,  in  which  a 
negative  potential  is  found  in  anticipation  of  an  "imperative" 
(relevant)  stimulus.  The  results  at  the  other  electrode  sites  for 
this  measure  were  similar  (P3,  01,  02  not  shown).  Hemispheric 
differences  were  not  prominent. 

The  other  EP  measures,  amplitudes  at  105  msec.,  225  msec,  and 
315  msec.,  showed  major  effects  similar  to  those  previously 
reported  for  midline  electrodes  (Chapman,  1973).  Hemispheric 
differences  were  not  pronounced.  The  measure  which  showed  the 
most  pronounced  hemispheric  differences  was  the  amplitude  at  315 
msec.  (Fig.  4).  The  pattern  of  data  at  315  msec,  suggests  there 
may  be  differential  hemispheric  and  brain  area  representation  of 
various  information  processing  conditions.  The  most  obvious  of 
these  is  a differential  Interaction  of  stimulus  relevance  and 
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intra-trial  position  with  hemisphere  (Fs8.08,  df=3f21,  p<.01). 

The  question  remains  whether  there  is  more  differential 
representation  of  information  processing  in  one  hemisphere  than  in 
the  other. 


Hemispheric  Differences  in  Discriminant  Analysis 

One  way  to  assess  whether  responses  from  one  area  or  another 
are  more  Involved  in  various  functions  is  by  the  use  of 
Discriminant  Analyses.  If  measures  of  responses  from  two  (or 
more)  brain  areas  are  used  to  discriminate  two  (or  more) 
experimental  conditions,  which  measures  do  the  best  Job? 

Do  EPS  from  the  left  (P3,  01)  or  right  (P4,  02)  hemisphere  do 
a better  Job  in  discriminating  various  number/letter  information 
processing  conditions  (relevant  and  irrelevant  numbers  and  letters 
at  four  intra-trial  positions).  In  the  first  application  of  the 
technique  to  be  described,  there  are  16  classes  to  be 
discriminated  from  each  other.  To  perform  this  discrimination, 
there  are  available  5 measures  from  each  of  4 electrodes  (20 
variates).  The  stepwise  Discriminant  Analysis  (BMDP7M,  Dixon, 
1975)  selects  the  measures  in  the  order  of  their  effectiveness  in 
classifying  each  of  the  120  responses  into  the  16  experimental 
conditions.  The  intercorrelations  among  the  measures  are  taken 
into  account.  For  the  next  measure  to  be  added  to  the  prediction 
equation,  the  stepwise  procedure  selects  the  measure  which  is  most 
effective  after  the  influence  of  the  previously  selected  measures 
is  taken  into  account.  When  the  Discriminant  Analysis  is  allowed 
access  to  all  20  measures,  the  single  best  measure  in 
discriminating  the  16  information  processing  conditions  was  the 
Mean  Amplitude  Over  480  msec,  from  P3  (left  parietal  area).  Of 
the  first  seven  measures,  six  were  from  the  left  hemisphere  (P3 
Mean  Over  480  msec.,  P3  at  0 msec.,  P3  at  315  msec.,  01  at  315 
msec.,  P4  Mean  Over  480  msec.,  01  at  105  msec.,  P3  at  105  msec., 
in  order  of  their  selection).  Since  there  were  16  conditions  to 
be  discriminated,  chance  was  1/16  or  6.25f.  The  development 
classification  success  using  the  first  seven  measures  was  47. 7S. 

A better  index  of  the  generality  of  the  success  rate  is  the 
Jackknifed  classification  success  which  was  28. 1>  (Table  I).  The 
Jackknifed  procedure  is  a cross-validation  technique  which 
assesses  the  classification  success  when  each  case  is  left  out  of 
the  development  set  and  then  classified.  This  success  rate  is 
significantly  better  than  chance  (Chi-square  s 100.8,  dfxl, 
p«.001). 

Another  assessment  of  hemispheric  differences  involves 
computing  separate  Discriminant  Analyses  with  measures  from  each 
side  alone  and  ccxaparlng  the  classification  success  rates.  The 
results  of  this  procedure  also  are  given  in  Table  I.  When 


TABLE  I 


Discrimination  of  Experimental  Conditions  Using  EP  Measures 


from  Both  Sides,  Left  Side, 

and  Right 

. Side. 

Groups 

Chance 

Both 

Left 

Right 

Sides 

Side 

Side 

Information  Processing 

16:  number  or  letter 

6.251 

28.1% 

28.1% 

20.3% 

X relevant  or  irrelevant 

(6L, 1R) 

(5P,30) 

(3P,30) 

X 4 intra-trial  positions 

Information  Processing 

9:  relevant  or  irrelevant 

12.0% 

53.1% 

51 .9% 

46.9% 

X 4 intra-trial  positions 

(5L,3R) 

(3P,20) 

(5P,20) 

& blanks 

RelevcUice 

3:  relevant,  irrelevant. 

36.0% 

85.0% 

81.9% 

76.9% 

and  blanks 

(5L,3R) 

(2P,20) 

(5P,20) 

Stimuli,  physical 

3:  numbers,  letters. 

36.0% 

70.6% 

71.2% 

63.1% 

and  blanks 

(6L,2R) 

(4P,40) 

(3P,30) 

Individual  Subjects 

8:  subject 

12.5% 

96.9% 

92.5% 

94.4% 

(2L,8R) 

(5P,50) 

(5P,50) 

Entries  are  Jackknifed  classification  success  rates 

(maximum 

for  10  or  less  variates)  from  Stepwise  Discriminant  Analyses 
(BMDP7M).  All  were  significantly  better  than  chance.  The  values 
of  Chi-square  (1  df) , corrected  for  discontinuity,  ranged  from 
40.7  to  1033.7  (p  <<  .0001).  Below  each  percentage,  the  number  of 
left  and  right  variates  (L  & R)  or  number  of  parietal  and 
occipital  variates  (P  & 0)  used  in  the  classification  functions 
are  given  in  parentheses.  The  response  measures  were  standardized 
separately  for  each  of  the  subjects  before  performing  the 
Discriminant  Analyses  except  for  the  individual  subject's 
analyses.  Each  subject's  data  for  each  measure  were  transformed 
to  z scores  with  mean  equal  to  0 and  stan.  dev.  equal  to  1.  This 
procedure  has  been  found  useful  in  reducing  the  effect  of 
individual  differences  upon  subsequent  analyses  which  focus  on  the 
effect  of  experimental  conditions  (Chapman,  McCrary,  Chapman  & 
Bragdon,  1978).  The  general  conclusions  reached  with  the 
subject-standardized  measures  are  the  same  as  those  obtained  with 
the  raw  measures;  the  main  differences  are  improved  rates  of 
classification  success  when  irrelevant  subject  differences  have 
been  removed. 


discriminating  the  16  information  processing  conditions,  the 
measures  from  the  left  side  alone  (P3,  01)  achieved  the  same 
classification  success  as  when  measures  from  both  left  and  right 
sides  were  available  (28. 1J).  A lower  classification  success  rate 
(20. 3t)  was  obtained  when  measures  from  the  right  side  alone  (P4, 
02)  were  used.  These  results  indicate  that  measures  from  both 
left  and  right  sides  carry  information  about  the  information 
processing  conditions,  but  that  the  left-side  measures  carry  more 
such  information  than  those  from  the  right  side.  The  fact  that 
the  left  side  alone  does  as  well,  or  nearly  as  well,  as  when  both 
sides  could  contribute  to  the  classification  equations  indicates 
that  the  measures  from  the  right  side  are  largely  redundant  with 
those  from  the  left  aide.  The  single  most  important  variate  of 
the  ten  available  from  each  side  was  the  Mean  Amplitude  Over  480 
msec,  from  the  parietal  site  (P3  for  left  side  alone,  P4  for  right 
side  alone) . 

Essentially  the  same  pattern  of  results  was  obtained  for 
additional  groupings  of  the  experimental  conditions  (Table  I).  In 
order  to  provide  comparisons  which  included  the  blank  control 
flashes,  the  information  processing  design  was  simplified  by 
ignoring  whether  the  stimuli  were  letters  or  numbers.  When 
discriminating  the  blanks  and  the  resulting  8 information 
processing  conditions  (relevant  or  irrelevant  stimuli  x 4 
intra-trial  positions),  the  single  best  measure  was  again  found  to 
be  the  Mean  Amplitude  Over  480  msec,  from  P3.  The  first  four 
measures  selected  for  Inclusion  in  the  discrimination  were  from 
the  left  hemisphere.  The  final  set  of  variables  selected  included 
five  from  the  left  and  three  from  the  right  and  accurately 
classified  (jackknifed)  53.1%  of  the  cases.  Restricting  selection 
of  variates  to  the  left  aide  reduced  the  classification  accuracy 
only  slightly.  Selecting  variates  only  from  the  right  produced  a 
somewhat  larger  reduction  (Table  I). 

Various  kinds  of  functions  may  be  assessed  in  a similar 
manner  by  using  appropriate  classification  groups.  For  example, 
the  aide  more  related  to  stimulus  relevance,  regardless  of 
stimulus  or  intra-trial  position,  was  assessed  by  Discriminant 
Analyses  using  three  groups:  relevant,  irrelevant,  and  blanks 
(Table  I).  The  results  suggest  that  the  left-side  EPs  carry  more 
information  concerning  stimulus  relevance  (81. 9X),  but  that 
right-side  EPs  also  do  a good  Job  in  discriminating  relevance 
(76. 9J). 

Which  side  was  more  related  to  the  different  physical  stimuli 
was  assessed  by  discriminating  three  groups:  numbers,  letters,  and 
blanks  (regardless  of  relevance  or  intra-trial  position).  The 
results  indicate  that  the  variates  from  the  left  side  are  more 
related  to  differences  among  the  visual  stimuli  (Table  I).  The 


single  most  important  variate  was  the  amplitude  at  315  msec,  from 
the  left  occipital  area  (01). 

It  is  possible  to  use  this  Discriminant  Analysis  technique  to 
assess  which  is  more  related  to  individual  differences.  For  this 
purpose  the  groups  were  the  eight  individual  subjects.  For  these 
analyses  the  raw  measures,  before  subject  standardization,  were 
used.  Classification  functions  were  computed  which  classified 
each  EP  case  to  one  of  the  subjects,  regardless  of  the 
experimental  conditions  (relevant  and  irrelevant  numbers  and 
letters,  and  blanks,  in  four  intra-trial  positions).  When 
measures  from  both  sides  were  available,  96. 9X  of  the  EP  cases 
were  correctly  classified  to  the  individual  subject  by 
discriminant  functions  using  two  left  variates  and  eight  right 
variates.  Measures  from  the  left  side  alone  did  not  do  as  well  as 
measures  from  the  right  side  alone  (92.55t  and  9^.^t, 
respectively) . This  evidence  suggests  that  the  right  side  is  more 
closely  related  to  individual  differences. 

In  general,  the  results  indicate  that  measures  over  both 
hemispheres  do  a reasonably  good  job  of  discriminating  various 
experimental  conditions  and  individuals.  The  classification 
accuracy  is  well  above  chance  in  every  instance.  When 
discriminating  information  processing  characteristics,  variates 
from  the  left  hemisphere  are  consistently  selected  first  and  often 
for  inclusion  in  the  discriminant  equations.  Although  the 
differences  are  not  statistically  reliable,  accuracy  is 
consistently  reduced  when  only  variates  from  the  right  hemisphere 
are  used  in  the  discrimination.  This  consistency  suggests  that 
measures  from  the  left  side  are  more  related  to  various 
informatic  ' processing  distinctions  than  measures  from  the  right 
side.  Measures  from  the  right  side  appear  to  be  more  related  to 
individual  differences. 


CONCLUSIONS 

In  a number-letter  information  processing  experiment, 
comparing  laterally  recorded  EPs  with  each  other,  and  comparing 
the  lateral  EPs  with  previously  reported  midline  EPs,  the 
similarities  are  more  striking  than  the  differences.  However, 
rather  subtle  hemispheric  differences  which  are  reasonably 
consistent  have  been  found.  The  assessment  of  these  lateral 
effects  was  facilitated  by  the  use  of  control  stimuli  (blank 
flashes)  and  by  particular  kinds  of  Multiple  Discriminant 
Analyses.  These  have  provide**  evidence  that  some  kinds  of 
processes  are  more  strongly  related  to  the  left  side,  while  other 
processes  are  not.  Information  processing,  including  stimulus 
differences,  was  more  discriminated  by  EP  measures  from  the  left 
side.  Individual  differences  were  more  related  to  the  right  side. 
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ABSTRACT 

The  effects  of  two  kinds  of  experimental  manipulation  of 
semantic  meaning  were  studied  in  Evoked  Potentials  (EPs),  brain 
responses  recorded  from  scalp  monitors.  Both  kinds  of  semantic 
manipulation  were  based  on  Osgood's  rating  analyses  which 
described  three  primary  dimensions  of  connotative  meaning: 
Evaluation,  Potency,  and  Activity  (E,  P,  and  A).  One  kind  of 
experimental  variable  was  the  semantic  class  of  the  stimulus  word 
(E+,  E-,  P+,  P-,  A+,  A-).  The  other  kind  of  experimental  variable 
was  the  semantic  dimension  of  the  rating  scale  (E,  P,  A)  which  the 
subject  used  to  make  semantic  judgments  about  the  stimulus  words. 
These  variables  were  experimentally  combined  in  that  for  each 
trial  the  subject  used  a designated  semantic  scale  to  judge  a 
specified  stimulus  word  while  brain  activity  was  recorded.  Using 
multivariate  procedures,  both  stimulus  word  class  and  scale 
dimension  effects  on  the  EPs  were  found.  Individual  subject 
analyses  demonstrated  the  generality  of  the  results  by  showing 
successful  discrimination  of  word  classes  and  scale  dimensions  for 
each  of  the  ten  subjects  analyzed  separately. 
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INTRODUCTION 


Although  a relatively  young  field,  the  study  of  language  and 
evoked  potentials  is  gaining  momentum  and  sophistication  (for 
review:  Chapman,  1976;  Chapman,  in  press,  a).  The  work  in  this 
field  is  particularly  difficult  since  linguistic  problems  as  well 
as  problems  inherent  in  EP  research  need  to  be  considered.  A 
central  problem  Involves  distinguishing  language  effects  per  se 
from  other  effects,  such  as  lower  order  sensory  and  motor  effects, 
as  well  as  higher  order  effects  such  as  general  states  and 
cognitive  processes.  One  strategy  is  to  systematically  relate  EP 
effects  to  intra- linguistic  variation  within  the  conceptual 
framework  provided  by  one  of  the  well-delineated  subfields  in 
linguistics. 

In  order  to  investigate  brain  responses  related  to  semantic 
meaning,  we  extended  the  technique  of  averaging  the  EEC  to 
averaging  EPs  across  a number  of  words  belonging  to  the  same 
semantic  class  (Chapman,  1974b;  Chapmian,  Bragdon,  Chapman,  and 
McCrary,  1977).  With  the  aid  of  a quantified  theory  of 
connotative  semantic  meaning,  we  found  brain  activity  from  the 
human  scalp  which  is  related  to  semantic  meaning.  In  order  to 
control  commonly  confounding  variables,  the  subject's  task  was 
held  constant,  the  presentation  sequences  were  randomized,  and  the 
semantic  classes  were  represented  by  a relatively  large  number  of 
different  words  in  two  lists.  With  regard  to  the  specificity  of 
the  linguistic  effects,  six  different  semantic  classes  were 
distinguished. 

We  specified  and  controlled  internal  semantic  meaning  using 
the  conceptions  and  materials  provided  by  Osgood's  analyses  of 
semantic  meaning  (Miron  and  Osgood,  1966;  Osgood  ,1971;  Osgood, 
May,  and  Miron,  1975).  Those  analyses  indicate  that  the 
connotative  meaning  of  a word  may  be  represented  by  its  position 
in  a space  spanned  by  three  semantic  dimensions:  Evaluation, 
Potency,  and  Activity  (E,  P,  and  A).  We  selected  words  (Heise, 
1971)  which  are  relatively  "pure"  in  the  sense  that  they  score 
high  or  low  on  one  of  the  dimensions  and  are  relatively  neutral  on 
the  other  two.  Thus,  we  used  six  semantic  meaning  classes  (E-i-, 

E-,  P+,  P-,  A+,  A-)  representing  the  positive  and  negative 
extremes  of  the  Evaluation,  Potency,  and  Activity  dimensions. 

The  degree  of  specificity  of  language  effects  found  in  EPs 
depends  on  the  dimensionality  of  the  EP  measures  themselves 
(Chapman,  in  press,  b) . It  is  helpful  to  use  EP  measures  which 
can  focus  on  linguistic  parts  of  EPs.  Two  possible  techniques 
are:  (1)  to  use  the  difference  between  EPs  with  and  without  the 
particular  linguistic  processing;  and  (2)  to  use  multivariate 
statistical  analyses  which  take  into  account  all  of  the  time 
points  within  the  EPs  as  well  as  their  relationships.  Thus,  the 


dimensionality  of  the  interpretations  of  linguistic  specificity  is 
limited  by  the  dimensionality  of  the  EP  measures  and  the 
dimensionality  of  the  experimental  design. 

In  this  paper  new  data  relating  EP  effects  to  the  semantic 
dimension  of  the  subjects'  task  (semantic  differential)  are  given 
after  briefly  reviewing  Osgood's  analysis  of  connotative  meaning 
and  our  previous  results  relating  EP  effects  to  connotative 
classes  of  stimulus  words. 


Osgood's  Analysis  of  Connotative  Meaning 

The  work  of  Osgood  and  his  associates  is  an  exemplar  of  the 
psychophysics  of  semantic  meaning  (e.g.  Osgood,  1952;  Osgood, 

1971).  Their  work  has  led  to  the  idea  that  connotative  meaning 
space  can  be  reasonably  spanned  by  three  dimensions.  Thus,  any 
connotative  semantic  meaning  may  be  specified  by  three  numbers 
which  represent  the  amount  of  three  components  "in"  the  stimulus 
(usually  a word). 

Their  analysis  used  semantic  differential  measures  of 
meaning.  The  basic  measure  in  the  sonantic  differential  technique 
is  obtained  by  collecting  from  the  subject  a match  between  a 
stimulus  word  and  a 7-point  scale,  defined  by  a pair  of  polar 
terms  (e.g.,  good-bad).  These  matches  were  made  between  a large 
number  of  words  and  a large  number  of  polar  terms  (adjective 
pairs) . A multivariate  analysis  applied  to  these  data  showed  a 
large  portion  of  the  total  variance  in  Judgments  of  verbal  meaning 
could  be  accounted  for  in  terms  of  three  underlying  orthogonal 
factors  which  have  been  called  Evaluative,  Potency,  and  Activity 
(E,P,A).  Some  of  the  semantic  differential  scales  dominantly 
loaded  on  the  E,  P,  and  A semantic  dimensions  are  schematically 
depicted  in  Figure  1 . 

These  semantic  differential  techniques  have  been  applied  to 
23  different  language/ culture  groups  around  the  world.  Although 
the  words  were  different  and  translated  words  may  occupy  different 
positions  in  the  three-dimensional  connotative  meaning  apace,  the 
analyses  repeatedly  derived  the  same  E,  P,  and  A dimensions  for 
spanning  those  meaning  spaces.  These  cross-cultural  analyses  as  a 
whole  suggest  that  human  beings  share  a common  framework  within 
which  they  allocate  concepts  in  terms  of  their  semantic  meanings. 
This  communality  overrides  gross  differences  in  both  language  and 
culture. 

This  quantitative  system  does  not  deal  with  denotative  meaning 
per  se  which  would  appear  to  have  many  more  dimensions.  Rather 
it  deals  with  connotative  (affective)  aspects  of  semantic  meaning. 
In  color  measurement,  trichromatic  specification  says  little  about 


E 


Figure  1.  The  Evaluation  (E) , Potency  (P) , and  Activity  (A) 
structure  of  connotative  meaning.  Some  of  the 
semantic  differential  scales  dominantly  loaded 
on  E,  P,  and  A.  Based  on  Osgood  C1964). 


spatial  patterns  although  the  same  visual  stlsuU  Involve  both 
spatial  and  color  aspects.  Similarly,  trl-connotatlve 
specification  of  semantic  meaning  says  little  about  denotative 
meaning. 

There  Is  available,  then,  Osgood's  well-defined, 
objectively-measured,  widely-tested,  fundamental  analysis  of 
semantic  meaning.  It  enables  one  to  work  within  a domain  which  Is 
explicitly  delimited,  which  has  dimensions  that  are  quantified, 
and  which  readily  lends  Itself  to  objective  replication. 


I 


Evoked  Potentials  and  Connotative  Meaning 


When  a stimulus  word  Is  presented,  It  evokes  a number  of 
neural  processes,  some  of  which  are  concerned  with  meaning.  The 
detection  of  semantic  meaning  In  EPs  permits  a more  direct 
examination  of  language  and  Its  neurophysiological  processes,  and 
this  opens  new  areas  of  research  and  application.  Our  data  are 
encouraging  In  that  significant  effects  related  to  Osgood's 
semantic  dimensions  have  been  shown  (Chapman,  1974b;  Chapman, 
Bragdon,  Chapman,  and  McCrary,  1977;  Chapman,  McCrary, 

Chapman,  and  Bragdon,  In  press).  Other  work  has  also  Indicated 
effects  (Begleiter,  Gross  and  Kissin,  1967;  Begleiter,  Gross, 
Projesz  and  Kissin,  1969;  Begleiter  and  Platz,  1969). 


For  our  research  we  selected  words  on  the  basis  of  Osgood's 
Evaluative,  Potency  and  Activity  dimensions  of  connotative  meaning 
(Heise,  1971).  Six  semantic  meaning  classes  (E.^,  E-,  P+,  P-,  A+, 
A-)  representing  the  positive  and  negative  extremes  of  each  of  the 
three  dimensions  were  used.  Twenty  words  from  each  of  the  six 
semantic  classes  were  randomly  assigned  to  a list.  Two  such  lists 
were  constructed  with  different  words,  except  for  the  P-  category 
where  the  same  words  were  used.  The  words  belonging  to  these 
semantic  meaning  classes  were  visually  presented  and  the  average 
EPs  for  these  classes  were  analyzed.  The  physical  parameters  of 
the  stimuli  (various  spatial  characteristics)  vary  from  one  word 
to  the  next  but  the  physical  parameters  tend  toward  the  same 
average  for  the  various  groups  of  words  (Chapman,  McCrary, 

Chapman,  amd  Bragdon,  In  press).  Using  two  lists  provided  an 
additional  control.  While  the  background  EEG  is  averaged  to 
obtain  EPs,  the  physical  characteristics  of  the  words  are  avereiged 
to  control  for  their  effects  and  the  meanings  of  the  words  are 
averaged  to  provide  a common  core  of  connotative  meaning.  The 
words  within  each  list  were  given  in  different  random  orders  from 
run  to  run,  so  that  the  subjects  could  not  anticipate  either  a 
semantic  class  or  a particular  word.  Thus,  differences  in  the  EPs 
to  these  semantic  categories  can  be  associated  with  post-stimulus 
processing  of  semantic  information,  with  the  comparison  of 
responses  to  the  two  lists  helping  establish  the  reliability  and 
generality  of  the  effects.  Because  the  brain  responses  to  be 
compared  were  derived  from  semantic  categories  which  are  randomly 
interspersed,  it  is  difficult  to  attribute  the  obtained 
differences  to  anything  other  than  semantic  processing  or  effects 
arising  from  semantic  processing. 

In  our  initial  research  on  semantic  meaning  (Chapman,  1974b; 
Chapman,  Bragdon,  Chapman,  and  McCrary,  1977)  we  used  a 
scoring  template  approach  to  compare  EPs  to  word  classes  from 
opposite  ends  of  Osgood's  dimensions.  For  the  scoring  template 
for  the  Evaluative  dimension,  the  average  EP  (from  CPZ)  for  E- 
words  was  subtracted  from  that  of  E+  words,  averaged  over  three 


subjects  on  two  word  lists.  This  scoring  template  was  then  used 
to  measure  each  EP  by  computing  the  Pearson  product-moment 
correlation  coefficient  using  the  102  corresponding  time  points  of 
the  scoring  template  and  the  EP.  This  yielded  a single  measure 
for  each  EP  reflecting  its  similarity  to  the  scoring  template. 
Using  this  measure  significant  differences  were  found  between  EPs 
for  Z*  and  E-  word  classes.  (The  EP  template  measures  were 
z-transformed  [arc-tanh]  before  applying  t-tests  for  correlated 
measures) . The  t values  for  all  12  subjects  were  in  the  predicted 
direction,  l.e.,  positive.  For  the  three  subjects  involved  in  the 
development  of  the  scoring  template,  8 IK  of  their  EPs  were 
correctly  classified  into  E+  or  E-  word  classes  on  the  basis  of 
the  relative  magnitudes  of  their  correlations  with  the  E template. 
A somewhat  smaller,  but  significant,  success  rate  was  obtained  for 
the  nine  subjects  in  the  independent  cross-validation  group.  P 
(Potency)  and  A (Activity)  templates  derived  in  the  same  way  had 
somewhat  lower  success  rates  in  discriminating  P-*-  from  P-  and  A-»- 
from  A-  word  classes,  respectively.  The  relative  strengths  of  the 
EP  effects  found  for  the  E,  P,  and  A dimensions  might  be  expected 
from  Osgood's  analysis.  Evaluation  has  been  found  to  be  the  most 
pervasive  aspect  of  connotative  meaning,  followed  by  the  Potency 
and  then  the  Activity  dimensions.  The  use  of  a scoring  template 
to  measure  EPs  for  semantic  effects  was  an  exploratory  technique. 

Encouraged  by  these  template  results  we  have  continued  our 
research  on  semantic  meaning  and  EPs  with  the  aid  of  multivariate 
statistical  techniques  (Chapman,  1976;  Chapman,  McCrary,  Chapman 
and  Bragdon,  in  press;  Chapman,  in  press,  a,  b) . One  of  the 
problems  was  coping  with  the  large  individual  differences  in  EP 
waveforms.  These  overall  waveform  differences,  while  not  the 
semantic  effects  of  interest,  were  relatively  stable 
characteristics  of  each  individual  subject.  This  problem  was 
solved  by  standardizing  the  EPs  for  each  subject  separately 
(transforming  to  z-scores  at  each  time  point)  before  proceeding 
with  the  analysis.  A varimaxed  principal  components  analysis  was 
computed  on  the  standardized  EPs  from  a group  of  10  subjects  in 
order  to  obtain  component  scores.  These  EP  component  scores  were 
used  in  a multiple  discriminant  analysis  to  develop  classification 
functions  for  the  six  semantic  word  classes.  The  success  rates  in 
classifying  EPs  to  the  semantic  classes  were  significantly  better 
than  chance.  Classification  functions  were  developed  separately 
for  the  EP  data  from  each  list  of  words  and  the  results 
cross-validated  by  several  procedures:  (i)  Jackknifed 
(one-left-out  procedure),  (ii)  other  word  list,  and  (iii)  new 
subject. 

When  the  EPs  were  classified  to  word  classes  from  opposite 
ends  of  each  semantic  dimension  separately  (E-*-  vs.  E-,  P-*-  vs.  P-, 
A-*-  vs.  A-),  the  average  apparent  success  rate  was  97%  and  the 
Jackknifed  cross-validation  success  rate  was  90}  (chance  was  50}). 


When  the  saae  classification  functions  were  applied  to  the  EP  data 
obtained  from  the  other  word  list,  the  overall  sucess  rate  was 
73$. 


Multidimensional  analyses  considered  the  EP  data  for  all  three 
semantic  dimensions  at  once,  in  which  case  six  semantic  classes 
were  discriminated  from  each  other  (E+,  E-,  P+,  P-,  A+,  A-).  The 
classification  rates  were  significantly  better  than  chance. 
Overall,  the  Jackknifed  success  rates  (where  each  EP  is  left  out 
of  the  development  set  and  then  classified)  were  42$  for  List  1 
and  43t  for  List  2 data,  some  2.5  time  better  than  chance  (16.7$). 
The  other-list  cross-validations  averaged  40$.  Thus  combinations 
of  components  of  these  EPs  were  powerful  detectors  of  semantic 
differences . 

It  is  to  be  noted  that  all  of  the  above  success  rates  were 
obtained  across  subjects.  That  is,  the  same  classification 
functions  were  used  for  all  ten  subjects.  This  is  evidence  that 
not  only  can  EP  effects  be  found  that  relate  to  connotative 
semantic  meaning  but  these  EP  effects  tend  to  be  the  same  in 
different  individiials. 

A further  test  of  the  generalizability  of  the  findings  was 
made  by  applying  the  classification  functions  to  a new  subject, 
one  not  used  in  developing  the  analysis.  After  standardizing  his 
EPs  and  using  component  scoring  and  discriminant  functions 
developed  from  the  separate  group  of  10  subjects,  42$  of  the  new 
subject's  EPs  were  correctly  classified  into  the  six  semantic 
classes,  essentially  the  same  rate  as  the  Jackknifed  accuracy  of 
the  group  of  10  subjects  and  significantly  better  than  chance 
(16.7$). 


SEMANTIC-DIFFERENTIAL  SCALES  AND  SEMANTIC  WORD  CLASSES 

In  the  results  summarized  above,  the  subject's  task  was  simply 
to  repeat  each  word  aloud  after  it  was  flashed.  It  was  of 
interest,  for  several  reasons,  to  change  to  a semantic- 
differential  Judgment  task,  one  in  which  the  subject  makes 
a Judgment  about  each  word  on  a designated  bipolar  adjective 
scale.  This  was  the  task  that  Osgood  used  to  develop  his  semantic 
data  and  quantitative  information  about  the  loadings  of  vairious 
scales  on  Osgood's  dimensions  is  available.  This  made  it  possible 
to  select  Judgment  scales  that  strongly  represented  each  of  the  E, 
P,  and  A semantic  dimensions. 

In  our  previous  research  internalized  representation  of 
semantic  meaning  was  manipulated  by  carefully  selecting  stimulus 
words.  Another  aspect  of  internalized  representation  may  relate 
to  an  individual's  semantic  expectancies.  When  the  same  word  is 


presented  on  different  occasions,  a subject  may  be  seeking 
different  kinds  of  semantic  information.  That  is,  a subject  may 
have  various  kinds  of  semantic  expectancies  and,  consequently,  the 
semantic  information  in  the  words  may  be  processed  along  various 
sanantic  dimensions.  For  example,  an  individual  might  be 
primarily  concerned  with  potency  (powerful-powerless)  when  a 
stimulus  word  "official"  occurs  or  he  might  be  primarily  concerned 
with  evaluation  (good-bad).  Do  the  Evoked  Potentials  related  to 
the  word  "official"  vary  for  these  different  semantic 
expectancies?  Do  these  different  semantic  expectancies  have  their 
own  EP  effects? 

In  order  to  study  questions  of  this  sort,  we  manipulated  the 
semantic  expectancy  by  assigning  various  semantic  differential 
scales  to  the  subjects  at  different  times  (Table  I).  The 
subject's  task  was  the  semantic  differential  task,  as  used  by 
Osgood  in  developing  his  sanantic  analysis. 

A further  reason  to  change  the  subject's  task  from  repeating 
the  word  to  giving  a numerical  judgment  (+3  to  -3)  was  as  an 
additional  control  for  speech  effects.  The  same  vocalizations 
were  made  to  all  word  classes,  as  well  as  for  all  scale 
dimensions. 

Thus,  this  research  studied  two  kinds  of  experimental 
manipulation  of  semantic  meaning:  word  class  of  the  stimulus  word 
(E+,  E-,  P-*-,  P-,  A+,  A-),  and  scale  dimension  (E,  P,  A)  which  the 
subject  used  to  make  semantic  differential  judgments  about  the 
stimulus  words  (Fig.  2).  Five  bipolar  scales  that  were  heavily 
loaded  on  (correlated  with)  each  of  Osgood's  semantic  dimensions 
(E,  P,  and  A;  see  Table  I)  were  selected  (Osgood,  1964).  Each  of 
these  15  scales  was  used  with  each  stimulus  word.  Thus,  the 
effects  of  two  kinds  of  experimental  manipulation  of  semantic 
meaning  were  studied:  (1)  the  semantic  class  of  the  stimulus  word, 
and  (2)  the  dimension  of  the  semantic  scale  (E,  P,  A)  which  the 
subject  used  to  make  semantic-differential  judgments  about  the 
stimulus  words.  These  variables  were  experimentally  combined  in 
that  for  each  trial  the  subject  used  a designated  semantic  scale 
to  judge  a specified  stimulus  word.  Separate  analyses  identified 
word  class  and  scale  dimension  effects  in  the  EPs  at  better  than 
chance  levels. 


Synopsis  of  Procedure 

During  each  experimental  run,  120  words  were  flashed  in  random 
order  while  the  subject's  EEC  was  recorded.  For  each  run,  there 
were  20  words  representing  each  of  six  classes  of  semantic  meaning 
lying  at  the  positive  and  negative  extremes  of  each  of  the  Osgood 
dimensions:  Evaluation,  Potency,  and  Activity.  The  subject  was 


Table  I 


Loadings  of  Semantic  Differential  Scales  on 
Evaluation  (E),  Potency  (P),  and  Activity  (A)  • 

SCALE  E P A 


E Dominantly 


El 

nice-awful 

.96 

-.02 

-.09 

E2 

sweet-sour 

.94 

.02 

-.04 

E3 

good-bad 

.93 

.03 

-.05 

E4 

heavenly-unheavenly 

.93 

.00 

-.21 

E5 

mild-harsh 

.92 

-.20 

-.06 

Dominantly 

PI 

big-little 

.05 

.81 

-.24 

P2 

power ful-powerl ess 

.16 

.75 

.18 

P3 

deep-shallow 

.11 

.69 

-.32 

P4 

strong-weak 

.04 

.68 

.13 

P5 

long-short 

.02 

.64 

-.23 

Dominantly 

A1 

fast- slow 

.14 

.22 

.64 

A2 

young-old 

.39 

-.42 

.56 

A3 

noisy-quiet 

.39 

.25 

.56 

A4 

alive-dead 

.52 

.13 

.55 

A5 

known-unknown 

.16 

.10 

.48 

• American  English  semantic  differential  loadings  reported  in 
Osgood,  196U.  Loadings  shown  are  for  the  first  listed  adjective 
of  each  pair.  "Good",  "Powerful",  and  "Fast"  are  represented 
by  the  positive  poles  of  E,  P,  and  A. 


assigned  a particular  semantic  scale  for  use  during  the  run  in 
Judging  each  word  as  it  was  presented.  The  EEGs  for  the  20 
stimulus  words  representing  each  semantic  class  were  averaged  for 
the  run  to  obtain  the  evoked  potentials  (EPs)  used  in  subsequent 
analyses.  A total  of  30  such  runs  was  required  to  complete  the 
collection  of  180  such  averaged  EPs  for  each  individual  across  all 
experimental  conditions : 

(1)  Six  semantic  classes  of  stimulus  words, 

(2)  Two  different  lists  of  words  (to  control  for 
specific  stimulus  characteristics  or  properties 
other  than  connotative  meaning) , 

(3)  Three  semantic  task  dimensions,  each  represented 
by  five  different  scales  (to  control  for 
specific  scade  properties  other  than  dominant 
semantic  dimension) . 


METHOD 

The  re.searoh  steps  are  summarlxed  in  the  Flow  Chart  of 
Experiment  (Table  II). 

The  six  semantic  categories  were  represented  by  the  same  word 
lists  used  previously  (Chapman,  1974b;  Chapman,  Bragdon,  Chapman, 
and  McCrary,  1977;  Chapman,  McCrary,  Chapman,  and  Bragdon,  in 
press) . The  words  within  each  list  were  given  in  different  random 
orders  from  run  to  run,  so  that  the  subjects  could  not  anticipate 
the  semantic  class  of  the  stimulus  words  during  the  experiment. 

Five  scales  that  are  heavily  loaded  on  each  of  Osgood's  three 
semantic  dimensions  (Evaluation,  Potency,  and  Activity)  were 
selected  (Osgood,  1964).  Each  of  these  15  semantic  scales  (Table 
I)  was  used  with  each  stimulus  word.  This  required  15  runs  with 
List  1 and  15  runs  with  List  Z,  making  a total  of  30  runs  for  each 
subject.  The  scales  were  given  in  different  random  orders  for 
each  subject. 

Before  each  run  the  subject  was  assigned  a semantic  scale, 
e.g.  "nice-awful,"  which  he  was  to  use  on  all  120  words  in  that 
run.  Tne  subject  was  asked  to  rate  each  stimulus  word  on  the 
designated  semantic  scale  using  values  from  +3  to  -3 . The 
instructions  to  the  subject  when  the  scale  was  "nice-awful"  were: 
If  the  meaning  of  the  word  to  you  is  more  nice  than  awful , then 
give  a + rating,  with  a 1,  2,  or  3 to  express  various  degrees  of 
niceness.  On  the  other  hand,  if  the  meaning  of  the  word  to  you  is 
more  awful  than  nice,  give  a - rating  using  1,  2,  or  3 to  indicate 
the  degree  of  awfulness.  If  the  word  is  perfectly  neutral  on  that 
scale,  give  a "zero."  For  each  scale,  regardless  of  whether  it  was 
"nice-awful,"  "big-little,"  "fast-slow,"  or  some  other  scale. 


Table  II 


FLOW  CHART  OF  EXPERIMENT 


2 LISTS  OF  WORDS  SELECTED 
FOR  6 SEMANTIC  CLASSES: 
E+ , E~ , P+ , P- , A+ , A- 
BASED  ON  OSGOOD'S 
3-DIMENSIONAL  ANALYSIS 


5 SEMANTIC  DIFFERENTIAL 
SCALES  SELECTED  FOR  EACH  OF 
3 DIMENSIONS:  E,  P,  A 
BASED  ON  OSGOOD'S  ANALYSES 


WORDS  FLASHED  ON  CRT 
EEG  RECORDED 

SUBJECT  GIVES  SEMANTIC  DIFFERENTIAL 


EVOKED  POTENTIALS  (N=20)  COLLECTED 
FOR  EACH  SEMANTIC  WORD  CLASS 
WITH  EACH  SEMANTIC  SCALE 


VARIMAXED  PRINCIPAL  COMPONENTS  ANALYSIS 
ON  EPS  OF  102  TIME  POINTS, 
COMPONENT  SCORES  COMPUTED  FOR  EACH  EP. 


DISCRIMINANT  ANALYSES  USING 
COMPONENT  SCORES  TO  CLASSIFY 
EPS  INTO: 


SEMANTIC 

WORD 

CLASSES  (6) 


SEMANTIC 

SCALE 

DIMENSIONS  (3) 


numerical  values  from  ■♦■3  to  -3  were  used.  After  each  word  was 
flashed  the  subject  gave  his  semantic  differential  rating  aloud. 

A computer-generated  display  system  presented  each  word  as  a 
briefly  flashed  stimulus  on  a CRT  (Fig.  3) • The  subject  sat  In  a 
dark,  sound-damped  chamber.  The  average  word  subtended  a visual 
angle  of  1.5  degrees  with  a duration  of  17  msec.  Each  letter  was 
formed  by  lighting  appropriate  positions  In  a 5 by  7 matrix.  A 
fixation  target  was  presented  (0.5  aec.  duration)  one  second 
before  each  word.  After  each  word  was  flashed  the  subject  gave 
his  semantic  differential  rating  (•♦•3  to  -3)  toward  the  end  of  the 
2.5  sec.  interval  between  each  word  and  the  fixation  stimulus  for 


Figure  3 

Diagram  of  Single  Trial. 


STIMULUS  TYPE: 

ON 

DISPLAY  (CRT) : ^ 

DARK 


FIX.  WORD 

'if 


(1  of  6 classes: 
E+,E-,P+,P-,A+,A-) 


TIME  (SEC.); 


2.5 


EVOKED  POTENTIAL: 
(510  ms.) 


VOCAL  RESPONSE: 


GOOD  +3 

Semantic 

Rating 


BAD  -3 


(1  of  3 Scale 
Dimensions) 


/ 


the  next  trial.  This  task  assured  that  each  stimulus  word  was 
perceived  and  provided  access  to  a behavioral  measure.  The  brain 
activity  following  these  word  stimuli  was  averaged  separately  for 
each  of  the  semantic  meaning  classes  in  conjunction  with  each 
semantic  scale.  The  sequence  for  each  word  presentation  (a  trial) 
within  each  run  was  as  follows : 

(1)  Fixation  target  on  for  0.5  sec. 

(2)  Blackout  for  0.5  sec. 

(3)  Stimulus  word  flashed  (approximately  17  msec.) 

(4)  Blackout  for  2.5  sec.,  during  \rtiich  time  the 

subject  gave  a number  representing  his  semantic 
judgment  of  the  word  on  a designated  scale. 

An  experimental  run  consisted  of  120  words  presented  in  this 
fashion. 

During  experimental  runs,  the  subject's  EEC  was  picked  up 
from  standard  Grass  electrodes  (silver  cup  shape)  which  were 
attached  by  bentonite  CaCl  paste.  The  data  reported  here  were 
recorded  from  a scalp  location  one-third  of  the  distance  from  CZ 
to  PZ  (CPZ  recorded  monopolar  to  linked  earlobes).  The  frequency 
bandpass  of  the  recording  system  (Grass  polygraph,  FM  tape 
recorder,  operational  amplifiers)  was  0.1  to  70  Hz.  Beginning 
with  the  word  stimulus  and  lasting  510  msec.,  EPs  were  averaged  by 
a program  using  102  time  points  (5  msec,  interval).  Each  EP  was 
based  on  20  different  words  of  the  same  semantic  class.  Eye 
movements  were  monitored  with  EOG  (electrooculogram). 

Data  from  10  subjects  are  presented  here.  Each  subject  was 
given  30  runs  of  120  words  (20  words  in  each  of  6 semantic  meaning 
classes)  spread  over  a number  of  sessions.  For  each  subject  half 
of  the  runs  used  List  1 (each  run  with  one  of  15  semantic  scales) 
and  the  other  half  used  List  2 (each  run  with  one  of  the  15 
semantic  scales)  randomly  interspersed.  The  EPs  used  in  these 
analyses  were  averages  across  20  words  (N=20). 


RESULTS 

The  Evoked  Potentials  for  the  six  semantic  classes  had 
different  average  waveforms.  For  Figure  4 the  EP  data  were 
standardized  separately  for  each  of  the  ten  subjects  and  then 
averaged . 

Individual  analyses  have  been  done  for  each  of  the  ten 
subjects.  The  generality  of  the  resxilts  is  demonstrated  by 
sucessful  discriminations  of  word  classes  and  scale  dimensions  for 
each  subject.  The  various  steps  in  the  data  analyses  are 
summarized  in  Table  II.  The  first  step  was  to  obtain  measurements 


+ EVALUATIVE 


- EVALUATIVE 


Figure  4.  Average  Evoked  Potentials  (EPs)  for  six  semantic  classes 
after  standardization.  The  semantic  word  classes  are  based  on 
Osgood's  Evaluation,  Potency,  and  Activity  dimensions  which  define 
a three-dimensional  connotative  meaning  space,  represented  schema- 
tically here.  The  EPs  cover  510  msec  (102  time  points  X 5 msec) 
along  the  horizontal,  beginning  at  the  time  the  words  were  flashed. 
The  vertical  axes  for  the  EPs  are  in  standard  units  (z  scores). 

For  the  Standardized  Potentials  each  subject's  data  at  each  time 
point  were  transformed  to  z scores  (means-0  and  standard  deviation- 
1).  Averages  include  data  for  two  word  lists  and  ten  subjects. 
Monopolar  recordings  (bandpass:  0.1  to  70  Hz)  from  a scalp  location 
1/3  of  the  distance  from  Cz  to  Pz.  Positive  is  up. 


of  components  of  the  brain  potentials  by  use  of  a varimaxed 
principal  components  analysis.  The  next  step  was  to  assess  the 
extent  to  which  these  components  contained  semantic  information 
related  to  (1)  the  semantic  categories  of  the  word  stimuli  and  (2) 
the  semantic  dimensions  represented  by  the  task  scale. 

Discriminant  analyses  were  used  to  develop  classification 
functions  relating  the  component  measures  to  these  types  of 
semantic  groups. 

The  principal  components  analysis  closely  followed  the 
procedures  used  previously  (Oiapman,  1974a;  Chapman,  McCrary, 
Bragdon,  and  Chapman,  in  press).  Two  general  steps  are  involved: 
(1)  determing  the  EP  components,  and  (2)  measuring  how  much  of 
each  component  is  in  each  EF.  These  steps  were  done  by  a 
varimaxed  principal  components  analysis  computed  by  BMDP4M  Factor 
Analysis  Program  (Dixon,  1975).  The  EP  data  entered  into  the 
analysis  were  the  EP  amplitude  measurements  obtained  at  the  102 
successive  time  points  for  each  of  the  EPs.  The  BMDP4M  Program 
trauisformed  the  data  matrix  to  a correlation  matrix.  The 
product-moment  correlation  coefficients  computed  for  each  pair  of 
time  points  comprised  the  102  x 102  matrix  to  which  principal 
component  analysis  was  applied.  Unities  were  retained  in  the 
diagonal.  The  number  of  components  to  be  retained  was  set  at  the 
number  of  eigenvalues  equal  to  or  greater  than  unity.  The 
retained  components  were  rotated  using  the  normalized  varimax 
criterion  (Kaiser,  1958).  Scores  were  computed  for  each  of  the 
original  EPs  on  each  of  the  varimaxed  principal  components.  These 
component  scores  (factor  scores)  measure  the  contributions  of  the 
components  to  the  individual  EPs.  These  component  scores  were 
compared  for  the  various  semantic  classes  of  words . 

Having  reduced  the  dimensionality  of  the  EP  from  102  measures 
to  a much  smaller  number  of  principal  components,  the  next  step 
was  evaluating  the  extent  to  which  these  components  contained 
semantic  information  and,  more  specifically,  the  utility  of  that 
information  in  discriminating  and  predicting  semantic  class  of 
EPs.  This  evaluation  was  accomplished  by  multiple  discriminant 
analyses.  The  aim  of  the  discriminant  analyses  was  to  predict  the 
semantic  class  membership  of  the  EPs  on  the  basis  of  the  EP 
measures  (component  scores).  The  discriminant  analyses  were  done 
by  the  BMDP7M  Stepwise  Discriminant  Analysis  Program  (Dixon, 

1975).  This  program  was  applied  to  the  component  scores  derived 
from  the  principal  components  analyses.  A set  of  linear 
classification  functions  was  computed  by  choosing  the  independent 
variables  in  a stepwise  manner.  Using  these  functions,  the 
probabilities  of  each  EP  belonging  to  each  semantic  class  were 
computed . 

Two  separate  multiple  discriminant  analyses,  one  for  each  word 
list,  were  performed  on  each  subject's  EP  data  to  determine  the 


ability  of  the  EP  component  measures  to  discriminate  simultaneously 
among  all  six  of  the  semantic  classes  of  stimulus  words.  The 
success  rates  of  classifying  EPs  into  the  appropriate  semantic 
classes  were  averaged  for  the  two  word  lists  and  are  presented 
in  Table  III. 

The  overall  success  rate  (pooling  lists  emd  subjects)  in 
classifying  EPs  involved  in  the  computation  of  the  discriminant 
analyses  and  classification  functions  was  43.5  percent.  The 
success  was  well  beyond  the  chance  level  of  16.7  percent.  These 
results  were  cross-validated  by  two  procedures:  (1)  jackknifed 
cross-validation  and  (2)  other-list  cross-validation.  The 
Jackknifed  procedure  assesses  the  classification  success  when  EPs 
are  left  out  of  the  development  set  one  at  a time  and  the 
discriminant  functions  so  developed  are  used  to  classify  the  EPs 
as  they  are  left  out.  This  technique  is  used  to  estimate  the 
success  which  would  be  expected  in  classifying  other,  additional 
EPs  obtained  using  the  development  list.  An  overall  success  rate 
of  31-0  percent  was  obtained  with  this  procedure.  In  the 
other-list  cross-validation,  the  classification  rules  developed 
for  EPs  obtained  with  one  word  list  are  used  to  classify  EPs 
collected  with  the  other  list  of  word  stimuli.  This  provides  a 
further  check  on  generalizabillty  of  the  discriminant  functions 
and  tests  their  likely  success  rate  in  classifying  other, 
additional  EPs  obtained  using  a different  set  of  words.  As  shown 
in  Table  III,  the  overall  accuracy  in  classifying  such  other-list 
EPs  was  26.8  percent  for  these  ten  subjects. 

Since  all  six  semantic  classes  of  stimuli  were  represented 
simultaneously  in  these  analyses,  the  success  rate  expected  by 
chance  was  16.7  percent.  The  success  rates  were  all  well  beyond 
this  chance  level  (chi-squares  in  Table  III). 

In  addition  to  sanantic  class  of  the  stimulus  words,  the 
sanantic  dimension  of  the  subjects'  task  was  investigated.  The 
average  EP  data  for  E,  P,  and  A semantic  differential  tasks  are 
shown  in  Figure  5 as  Standardized  Potentials.  An  additional 
discriminant  analysis  was  performed  for  each  of  the  ten  subjects 
to  evaluate  the  extent  to  which  the  EP  component  measures  also 
contain  information  about  the  semantic  nature  of  the  subject's 
task  (Table  III,  3 Scale  Dimensions).  The  specific  aim  of  the 
analysis  was  to  determine  whether  functions  of  these  EP  components 
could  be  developed  to  differentiate  among  EPs  according  to  the 
semantic  dimension  of  the  scale  being  used  by  the  subject  to  make 
Judgments  about  the  stimuli  being  presented.  The  overall  success 
rate  of  these  functions  in  correctly  classifying  the  EPs  used  in 
their  development  was  47.4  percent.  This  rate  of  success  was 
better  than  the  chance  rate  of  33.3  percent.  The  Jackknifed 
cross-validation,  using  the  one-left-out  procedure  described 


Table  III 


Percentages  of  EPs  Correctly  Classified 

6 Semantic  Groups  of  Words 
3 Semantic  Dimensions  of  Scales 
2 Word  Lists 


6 Semantic  Groups 

Multi-Dimensional  Analysis  3 Scale  Dimensions 


Develop- 
Subject  ment 

Cross-Validation 
Jack-  Other 

knifed  List 

Develop- 

ment 

Jackknifed 

Cross- 

Validation 

A 

46.1 

31.6 

30.6 

54.4 

50.6 

B 

36.1 

28.9 

23-3 

47.8 

41.7 

C 

57.2 

38.4 

30.0 

47.2 

47.2 

D 

38.4 

28.4 

23.9 

45.0 

38.9 

E 

35.6 

24.4 

28.9 

43.3 

40.6 

F 

39.4 

31.7 

13.8 

47.2 

44.4 

G 

40.6 

32.2 

27.2 

46.1 

42.2 

H 

43.3 

30.6 

25.6 

45.0 

42.8 

I 

48.9 

30.0 

31.7 

48.9 

46. 1 

J 

49.4 

33.4 

32.8 

48.9 

44.4 

OVERALL 

43.5 

31.0 

26.8 

47.4 

43.9 

CHANCE 

EXPECTATION 

16.7 

16.7 

16.7 

33.3 

33.3 

CHI-SQUARE 

931.2 

263.2 

131.8 

159.4 

89.8 

df  = 1 

Each  individual  percentage  based  on  180  EPs. 

All  values  of  Chi-square  corrected  for  discontinuity. 
Chi-square  (dfsl,  p=.001)  = 10.8 
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Figure  5.  Standardized  Evoked  Potentials  (from  CFZ)  for  semantic 
differential  task  scales  which  are  dominantly  loaded  on  Evaluation 
(E),  Potency  (P) , and  Activity  (A)  semantic  dimensions.  Data 
averaged  across  stimulus  word  classes,  two  word  lists,  and  ten 
subjects.  See  Figure  4 legend  for  information  about  Standardized 
Potentials.  The  vertical  scale  is  indicated  by  the  peak-to-peak 
amplitude  of  0.26  z-score  units  for  the  response  to  E scales. 


previously,  resulted  in  the  correct  identification  of  the  semantic 
dimension  of  the  task  scale  of  43-9  percent  of  the  EPs.  This  is 
an  indication  of  the  likely  success  to  be  obtained  in  classifying 
other,  additional  EPs  obtained  with  the  subjects  while  using  these 
semantic  differential  scales.  The  chi-square  statistics  indicate 
that  these  rates  of  correct  classifications  are  well  beyond  chance 
expectations. 

The  individual  analyses  (Table  III)  indicate  that  EP  data 
from  each  of  the  subjects  could  be  used  individually  to 
discriminate  successfully  among  semantic  word  groups  (stimuli)  and 
among  semantic  scale  dimensions  (tasks).  The  success  rates  varied 
little  among  the  ten  subjects  and  lend  further  concrete  support  to 
the  ubiquitous  nature  of  semantic  effects  in  EPs.  These 
individual  analyses  corroborate  that  the  successful 
classifications  found  in  group  analyses  are  not  due  to  a few 
exceptional  subjects. 

The  identifications  of  stimulus  word  classes  and  task 
semantic  dimensions  were  not  all  equally  successful.  Generally, 
the  A+  class  of  words  (words  connoting  high  activity)  is  a less 
distinct  word  class  than  the  others,  and  the  Activity  scale 
dimension  is  less  distinct  than  the  Evaluation  and  Potency  scale 
dimensions.  This  may  be  due  to  the  tertiary  role  that  the  A 
dimension  plays  in  semantic-differential  Judgments.  Osgood  and 
others  have  generally  found  that  the  E and  P dimensions  are  more 
distinct  and  account  for  consideraoly  more  variance  in  semantic 
differential  Judgments  than  the  A dimension.  Table  I shows  that 
the  A scales  have  lower  loadings  on  their  dominant  dimension  and 
higher  loadings  on  their  non-dominant  dimensions  than  do  the  E or 
P scales.  In  a similar  vein,  the  average  values  for  the  word 
classes  on  their  respective  dominamt  dimensions  (Heise,  1971)  were 
only  +1.0  and  -0.8  for  the  A+  and  A-  word  classes,  whereas  they 
were  +2.0  and  -1.3  for  the  E+  and  E-  classes  and  +1.9  and  -0.6  for 
the  P+  and  P-  classes.  These  semantic  quantifications  derived 
from  behavioral  measurements  are  consonant  with  our  classification 
rates  derived  from  brain  response  measures. 

Are  different  EP  components  Involved  in  the  two  kinds  of 
semantic  processes  studied:  (1)  semantic  dimension  of  Judgement 
scale  and  (ii)  connotatlve  meaning  of  stimulus  words?  Or  are 
these  similar  phenomena  in  terms  of  their  EP  effects?  Three 
discriminant  analyses  were  available  for  each  subject:  one 
discriminating  among  the  three  task  scale  dimensions  and  two  (one 
for  each  word  list)  differentiating  among  the  six  semantic  classes 
of  word  stimuli.  The  first  EP  component  to  enter  each  of  these 
discriminations  was  noted  for  each  subject  and  frequency  counts 
were  made  of  how  often  the  EP  component  entered  ( 1 ) was  the  same 
for  the  two  stimulus  word  class  discriminations  and  (2)  was  the 
same  for  the  task  scale  dimension  discrimination  and  either  or 


both  of  the  word  class  discriminations  (Fig.  6).  In  40#  of  the 
pairs  of  stimulus  word  discriminations,  the  first  EP  components 
were  Identical.  However,  the  first  component  entering  the 
discrimination  of  task  scale  dimensions  matched  those  entering 
either  of  the  stimulus  word  discriminations  only  once  out  of  20 
possible  matches.  The  difference  Is  statistically  reliable 
(Fisher's  exact  probabllltya.OS) . The  first  two  EP  components 
entering  each  discriminant  analysis  were  also  compared.  They  were 
Identical  on  50}  of  the  possible  occasions  for  the  two  word  lists 
(discriminating  semantic  word  classes).  The  first  two  scale 
components  matched  those  In  either  of  the  word  list  analyses  15} 
of  the  possible  times  (6  out  of  40).  These  differences  In 


Figure  6.  Overlap  among  first  EP  components 
to  enter  each  of  three  kinds  of  discriminant 
analyses  and  mean  latencies  of  maximum  loadings 
of  first  EP  coogjonents  to  enter. 


frequencies  of  matches  are  statistically  reliable  (corrected 
chi-square=7.43,  df=1,  p<.01).  Thus,  EP  components  contributing 
most  to  distinguishing  among  stimulus  word  classes  are  seldom 
those  which  contribute  most  to  distinguishing  task  scale 
dimensions. 

In  a different  approach  to  the  same  question,  the  EP 
latencies  which  correlated  maximally  (maximum  loading)  with  the 
first  EP  component  entering  each  of  the  discriminations  were 
tabulated.  The  mean  latencies  for  the  separate  word  list 
analyses,  332  msec,  and  311  msec.,  did  not  differ  significantly 
(t=.62,  df=9).  The  mean  of  such  latencies  for  the  first 
components  entered  in  discriminating  task  scale  dimensions  was  189 
msec . , which  differed  reliably  from  the  mean  latency  for  the 
stimulus  word  class  discriminations  (t=3.15,  df=9,  p<.02).  Thus, 
the  EP  time  points  which  correlate  maximally  with  the  components 
most  important  to  distingviishing  task  scale  dimensions  are 
significantly  earlier  than  the  time  points  most  important  to 
discriminating  stimulus  word  classes  (Fig.  6). 


DISCUSSION 

These  findings  suggest  that  Internal  representations  of 
meaning  can  be  assessed  by  analysing  electrical  brain  responses. 
Can  these  findings  be  attributed  to  variables  other  than 
connotative  meaning?  Since  the  semantic  classes  were  presented 
randomly,  the  obtained  differences  cannot  be  attributed  to  any 
pre-stimulus  vairiables,  e.g.,  expectancy,  arousal,  attention,  etc. 
Since  the  subject's  task  (perceive  word  and  form  a semantic  rating 
on  a designated  scale)  was  constant,  the  obtained  differences  do 
not  relate  to  general  post-stimulus  variables,  e.g.,  differential 
Information  processing,  response  preparation,  uncertainty 
resolution,  etc.  It  is  not  likely  that  the  EP  differences  are 
related  to  different  muscle  activity  since  (i)  the  numerical 
ratings  were  spojcen  after  the  510  msec.  EP  interval  and  (ii)  the 
same  numerical  responses  were  given  to  various  semantic  classes. 
Analyses  of  the  EOG  data  show  that  eye  movements  do  not  explain 
the  EP  effects.  Since  many  different  words  were  the  stimuli  for 
each  semantic  class  and  the  EP  results  generalized  across  two  such 
lists  of  words,  it  does  not  seem  likely  that  the  results  are  due 
to  the  physical  differences  in  the  visual  stimuli.  The  same 
aspect  of  the  experimental  design  guards  against  interpretations 
based  on  surface  linguistic  features.  Finally,  distinguishing  six 
semantic  classes  indicates  a degree  of  specificity  which  generally 
taxes  Interpretations  in  terms  of  variables  other  than  connotative 
meaning . 

Previous  research  investigated  EP  effects  associated  with  the 
same  six  semantic  classes  of  words  when  the  subjects's  task  was 


merely  to  repeat  each  word  after  it  was  flashed  (Chapman,  1974; 
1976;  in  press,  a;  Chapman,  Bragdon,  Chapman  and  McCrary,  1977; 
Chapman,  McCrary,  Chapman  and  Bragdon,  in  press).  In  the 
present  experiment  the  subject's  task  was  to  give  semantic 
differential  ratings  of  each  word  on  semantic  scales  predominantly 
loaded  on  one  of  three  semantic  dimensions.  Does  the  increased 
task  complexity  prevent  discriminating  the  word  class  by  brain 
response  measures?  Does  the  use  of  different  scales,  loaded  on 
different  semantic  dimensions,  interfere  with  Identifying  the  word 
class  of  stimulus  words?  Do  the  various  semantic  expectancies 
engendered  by  prior  assignment  of  semantic  scales  interfere  with 
identifying  the  stimulus  word  classes? 

The  present  results  indicate  that  semantic  effects  of  stimulus 
words  continue  to  be  detectible  in  EPs  when  the  subject  is  engaged 
in  a semantic  task  considerably  more  complex  than  only  repeating 
the  stimulus  words.  The  added  complexity  of  the  experimental 
conditions  clearly  does  not  obscure  the  semantic  word  effects. 

In  addition,  the  results  provide  evidence  that  EP  effects  may 
also  be  used  to  discriminate  among  semantic  expectancies,  sets  or 
contexts  (E,  P and  A scale  tasks)  regardless  of  the  semantic 
location  of  the  stimulus  words  (E+,  E-,  P+,  P-,  A+,  A-).  Semantic 
Judgements  were  elicited  from  the  subjects  using  15  scales 
selected  to  represent  the  E,  P,  and  A dimensions.  The  subjects' 
internal  semantic  events  were  manipulated  by  the  subjects'  task 
which  is  set  prior  to  delivering  the  stimulus  word.  In  this  sense, 
the  task  provides  a semantic  context  or  expectancy  within  which  the 
stimulus  word  is  to  be  evaluated.  We  are  not  using  semantic 
expectancy  here  to  mean  the  subjects'  expectancy  of  a 
particular  stimulus  word  or  word  class  (which  were  randomized), 
but  rather  to  mean  the  subjects'  previously  established 
context  (delineated  by  dominant  dimension  of  semantic 
scale)  which  the  subject  expects  to  apply  to  flashed  stimulus 
words.  The  task  scale  dimension  variable  was  manipulated  in  this 
experimental  design  independently  of  the  stimulus  word  class.  It 
was  not  previously  known  whether  the  task  scale  dimensions  would 
have  distinctive  effects  in  EPs  and,  if  so,  whether  these  effects 
would  interact  with  those  associated  with  stimulus  word  class. 

The  present  results  indicate  that  the  semantic  context  established 
by  various  scales  does  have  its  own  EP  effects,  which  do  not 
appear  to  Interact  with  detection  of  stimulus  word  class. 

In  a manner  which  parallels  our  conclusions  about  Identifying 
stimulus  word  class,  there  is  some  generality  to  identifying  task 
scale  dimension.  A number  of  semantic  differential  scales  were 
used  to  represent  each  semantic  dimension  (five  adjective  pairs 
fcr  each)  in  order  to  establish  general  relationships  to  EPs,  not 
tied  to  particular  exemplars  of  the  semantic  scales.  This 


parallels  the  use  of  many  exemplars  of  stimulus  word  class  in 
establishing  the  generality  of  those  EP  effects. 

The  scale  dimensions  could  be  identified  by  separate  analyses 
of  each  individual’s  data  (Table  III),  The  success  of  these 
analyses  supports  the  universality  of  the  EP  effects  across 
individuals. 

Analyses  of  the  EP  components  involved  in  the  discriminations 
indicate  that  the  components  reflecting  the  greatest 
differences  among  task  seal}  dimensions  are  different  from  the 
EP  components  which  discriminate  maximally  among  semantic  classes 
of  stimulus  words.  The  maximal  representation  of  effects  in  the 
EPs  occurs  significantly  earlier  for  the  task  scales  than  for  the 
stimulus  words . These  findings  support  the  conclusion  that  these 
are  different  kinds  of  semantic  effects.  Moreover,  the  earlier 
maximal  representation  in  the  EPs  of  the  task  scales  fits  the 
interpretation  of  a semantic  expectamey  established  by  the 
semantic  differential  scale  assigned  to  the  subject  before  the 
stimulus  words  are  flashed.  These  data  lead  to  the  hypothesis  that, 
following  the  presentation  of  each  stimulus  word,  a process  relating 
to  the  semantic  differential  scale  used  to  judge  the  word  occurs 
before  the  connotative  meaning  of  the  stimulus  word  is  fully 
developed. 

In  general,  the  research  provides  evidence  that  two  kinds  of 
semantic  variables  can  be  independently  and  simultaneously 
Identified  in  EPs:  (1)  the  semantic  class  of  stimulus  words  and 
(2)  the  semantic  dimension  of  semantic-differential  scales  being 
used  to  judge  stimulus  words.  These  findings  have  important 
implications  for  applications  as  well  as  a basic  understanding  of 
the  processes.  In  this  experiment,  two  kinds  of  semantic  effects 
were  registered  in  the  EP  and  could  be  used  to  assess  different 
semantic  aspects:  (1)  the  processing  of  the  semantic  meaning  in 
stimulus  words,  regardless  of  the  semantic  expectancies  of  the 
subject,  and  (2)  the  semantic  expectancies  of  the  subject, 
regardless  of  the  semantic  content  of  stimulus  words. 


REFERENCES 

Begleiter,  H.,  Gross,  M.M.  and  Kissin,  B.  Evoked  cortical  responses 
to  affective  visual  stimuli.  Psychophysiology,  1967,  3.  336-3^^. 

Begleiter,  H.,  Gross,  M.M. , Porjesz,  B.  and  Kissin,  B.  The  effects 
of  awareness  on  cortical  evoked  potentials  to  conditional 
affective  stimuli.  Psychophysiology , 1969,  517-529. 

Begleiter,  H.  and  Platz,  H.  Cortical  evoked  potentials  to  semantic 
stimuli.  Psychophysiology,  1969,  6,  91-100. 


Callaway,  E.  Brain  Electrical  Potentials  and  Individual  Psycho- 
logical Differences.  New  York:  Grune  and  Stratton,  1975. 

Chapman,  R.M.  Latent  components  of  average  evoked  brain  responses 
functionally  related  to  Information  processing.  In  Inter- 
national Symposlta  on  Cerebral  Evoked  Potentials  In  Man, 
pre-clrculated  abstracts.  Brussels:  Presses  Unlversltalres  de 
Bruxelles,  1974a,  38-42. 

Chapman,  R.M.  Semantic  meaning  of  words  and  average  evoked 
potentials.  In  International  Symposium  on  Cerebral  Evoked 
Potentials  In  Man,  pre-clrculated  abstracts.  Brussels:  Presses 
Unlversltalres  de  Bruxelles,  1974b,  43-45. 

Chapman,  R.M.  (Chair.)  ERPs  and  Language.  Transcript  of  panel  at 
Fourth  International  Congress  on  Event  Related  Slow  Potentials  of 
the  Brain  (EPIC  IV),  David  A.  Otto,  Program  Chairman,  4-10  April, 
1975,  Hendersonville,  N.C. 

Chapman,  R.M.  Language  and  evoked  potentials.  In  D.A.  Otto  (Ed.), 
Multidisciplinary  Perspectives  in  Event-Related  Brain  Potential 
Research.  U.S.  Government  Printing  Office,  Washington,  D.C., 
in  press  (a) . 

Chapman,  R.M.  Method  of  EP  analysis  In  linguistic  research.  In 
D.A.  Otto  (Ed.),  Multidisciplinary  Perspectives  In  Event-Related 
Brain  Potential  Research.  U.S.  Government  Printing  Office, 
Washington,  D.C.,  In  press  (b). 

Chapman,  R.M.,  Bragdon,  H.R.,  Chapman,  J.A.  and  McCrary,  J.W. 

Semantic  meaning  of  words  and  average  evoked  potentials.  In  J.E. 
Desmedt  (Ed.),  Progress  In  Clinical  Neurophysiology.  Vol.  3: 
Language  and  Hemispheric  Specialization  In  Man:  Cerebral 
Event-Related  Potentials.  Basel:  Karger,  1977,  36-47. 

Chapman , R.M.,  McCrary,  J.W. , Bragdon,  H.R.,  & Chapman,  J.A.  Latent 
components  of  event-related  potentials  functionally  related  to 
Information  processing.  In  J.E.  Desmedt  (Ed.),  Progress  In 
Clinical  Neurophysiology.  Vol.  6:  Cognitive  Components  In 
Cerebral  Event-Related  Potentials  and  Selective  Attention.  Basel: 
Karger,  In  press. 

Chapman,  R.M.,  McCz*ary,  J.W.,  Chapman,  J.A. , & Bragdon,  H.R.  Brain 
responses  related  to  semantic  meaning.  Brain  and  Language, 

In  press. 


Dixon,  H.J.  (Ed.)  BMDP  Biomedical  Computer  Programs.  Berkeley: 

Only,  of  Califoraia  Press,  1975. 

Programs  developed  at  Health  Sciences  Computing  Facility,  UCLA; 
sponsored  by  NIH  Special  Research  Resources  Grant  RR-3< 

Helse,  D.R.  Evaluation,  potency,  and  activity  scores  for  1551 
words:  a merging  of  three  published  lists.  Chapel  Hill,  N.  C., 
Unlv.  of  N.  Carolina,  December  1971. 

Kaiser,  H.F.  The  variaax  criterion  for  analytic  rotation  in  factor 
analysis.  Psychometrika , 1958,  187-200. 

Miron,  M.S.  & Osgood,  C.E.  Language  behavior:  The  multivariate 
structure  of  qualification.  In  R.  B.  Cattell  (Ed.)  Handbook  of 
Multivariate  Experimental  Psychology.  Chicago:  Rand-McNally  A Co., 
1966,  790-819. 

Osgood,  C.E.  The  nature  and  measurement  of  meaning.  Psychological 
Bulletin.  1952,  49_,  197-237. 

Osgood,  C.E.  Semantic  differential  technique  in  the  comparative 
study  of  cultures.  Amer . Anthro . . 1964,  66.  171-200. 

Osgood,  C.E.  Exploration  in  semantic  space:  A personal  diary. 

Journal  of  Social  Issues,  1971,^,  5-64. 

Osgood,  C.E.,  May,  W.H.,  and  Miron,  M.S.  Cross-Cultural 

Unlversals  of  Affective  Meaning.  Orbana,  111.:  University  of 
Illinois  Press,  1975. 

Ruianel,  R.J.  Applied  Factor  Analysis.  Evanston:  Northwestern  Univ. 
Press,  1970. 


»8  71 


rv  •:> 


1; 


